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CHAP.     IV. 

Containing    fome   ufeful   Reflexions  on    the 
Motions  of  the  Cryitalline. 

Sect.  Pag. 

i .  i  ft,  TF  the  Eye  fees  diflinBly  at  three 
•*•  different  Diftances,  whereof  the  fe- 
cond  is  double  the  fir  ft,  and  the  third  infi- 
nite, as  great  Alterations  are  neceffhry 
for  feeing  diftinfily  at  the  firft  and  fe- 
cond  Diftance,  whofe  Difference  is  but 
final  I,  as  at  the  fecond  and  third,  whofe 
Difference  is  infinite,  1 

2.  2dly, 
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2.  2clly,  The  Eye  in  its  natural  State  is 

adapted  only  to  diflant  Objecls,    and 
cannot  fee   near  Objects  diftinffly  but 
by  an  Effort  of  the  Mind  contracting  the 
Ciliary  Ligament,   -which  therefore  is 
then  in  a  State  of  Violence,  4 

3.  3  dly ,  The  Effort  that  is  necejfary  for  con- 

tracting this  Ligament,  is  the  Reafon 
our  Eyes  are  fo  foon  fatigued  in  looking 
to  ?tear  Objects,  5 

4.  4thly,  The  Reafon  why  we  cannot  immedi- 

ately fee  Objecls  at  different  Difances 
difiinBly  is,  that  fome  'Time  is  required 
for  adapting  our  "Eyes  to  their  Diflance,  6 

5.  5thly  The  final  Caufe  of  the  Motion  of  the 

Cryfalline  being  that  Objects  may  not 
appear  confufed,  when  by  any  other 
1  Means  this  Confiifwn  is  taken  off,  the 
Mind  will  not  then  change  the  Confor- 
mation of  the  Eye,  unlefs  there  be  fane- 
thing  clfe  that  can  influence  it  to  fuch 
an  Ac! ion  ;  whence  fane  Phenomena 
are  accounted  for,  7 

6.  6thly,  The  Motion  of  the  Cryfalline  is,  by 

Habit  and  Cuflom,  made  to  fympathize 
with  the  Motions  of  our  Eyes,  whence 
fane  Phenomena  accounted  for,  8 

7.  7thly, 
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7.  7thly,  The  Motion  of  the  Cryjialline  has  its 

Limits  beyond  which  it  cannot  go,    and 
isfometimes  different  in  different  Eyes  ; 
whence  fome    Phenomena   accounted 
for,  9 

8.  8thly,  Whatever  affects  the  ABion  of  the 

Ligamenfrum  Giliare,  mufi  alfo  affeB 
our  Sight.  This  ilhifirated  in  many 
Particulars,  1  o 

9.  9thly,    The  I  aft  Reflection  on  the  Motions 

of  the  Cryjialline  frefpeBs  the  Caufe  of 
thefe  Motions,  which  is  either  efficient 
or  final ;  the  efficient  Caufe  depends 
on  the  Volitions  of  the  Mind,  nor  is 
our  being  fo  little  conf dons  of  thefe  Vo- 
litions any  folid  Objection  to  this,  16 
1  o.  The  Mind  alfo  pre  fides  over  and  regulates 

all  the  vital  and  natural  Motions,         1 9 

11.  An  Argument  proving  that  thefe  Motions 

cannot  pofibly  depend  on  Mechanijm, 
and  Dr.  Whytt's  ObjeBions  to  this 
Argument  anjwered,  22 

1 2.  As  the  Formation  of  Animals  does  not 

depend  on  Mechanifm,  but  on  the  active 
Power  of  fome  immaterial  Caufe,  there 
feems  little  Reajbn  to  think  that  the 
vital  Motions  Jhould  afterwards  go  on 
of  themfelves ,  zvithout  the  Affiance  of 
fome  fuch  vital  Principle  as  firftfet 
them  agoing,  25 

13.  The 
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1 3.  The  vital  Motions  being  influenced  by  the 

Pafions,  and  having  in  the  Cafe  of  Colo- 
nel Townshend  been  found  under 
the  Dominion  of  the  Mind,  and  being 
altogether  voluntary  in  the  Cochlea, 
are  Circumflances  that  few  that  thefe 
Motions  depend  on  the  Mind,  30 

14.  This  Argument  further  purfued,  32 

15.  The  final  Caufe  of  the  Motions  of  the 

Cryflalline  may  be  deduced  from  the 
Phenomena  that  attend  the  fort  and 
long  Sight,  35 

16.  The  Myopia  or  Short-fight -what,  and 

how  cat  fed,  36 

17.  Its  Phenomena  explained  at  large  in 

1 2  Particulars T  in  which  alfo  the  Spots 
that  fo  frequently  appear  before  their 
Eyes,  and  many  other  Phenomena, 
are  occafwnally  explained^  37 

18.  The  Phenomena  belonging,  to  the  weak 

or  prefbytical  Sight  explained  in   10 
Particulars,    in    which    the    Mofcae  , 
volitantes,    and  many  other  Pheno- 
mena, are  alfo  accounted  for,  57 

19.  The  Advantages  that  accrue  to  us  from 

the  Motion  of  the  Cryftalline  deduced 
from  the  above  Phenomena  of  the 
Jhort  and  long  Sight,  80 , 

20.  The 
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20.  The  Motions  of  the  CryftalUne  alfo  ajfijl 
us  in  judging  of  the  Diftance  of  Objects, 
and  how,  8 1 


C  H  A  IV    V. 

Of  the  Pupil  and  its  Motions; 

And 

The  Benefits  we  receive  from  the  Pupil  and 
thefe  Motions. 

Sect.  Pag, 

1.  In  treating  of  the  Pupil,  three  Things 

conftdered,  its  Magnitude,  its  Figure, 
and  its  Motions,  84 

2.  The  Pupil  wlyy  of  fuch  a   determined 

"Degree  of  Magnitude,       ,  84 

3.  Why  round  in  Man  and  the  great  eft  Part 

of  other  Animals,  and  oblong  or  el- 
liptical in  Oxen,  Goats,  Horfe, 
Sheep,  &c.  87 

4.  The  Motions  of  the  Pupil  known  to  Ga- 

l  en  ;  but  he  was  in  an  Error  with 
regard  to  the  Laws  by  which  they  are 
>  governed,  from  which  neverthelefs  he 
drew  a  very  judicious  and  ufeful  Prog- 
noftic  in  the  Cafe  of  Qatar  a  fis,  90 

5.    GrA-f 
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5.  Galen's  Mi  flake  firft  diftcovered  by 
Aq.uapendent  and  Father  Pau  l  ; 
Father  Pau  l  the  firft  after  Achil- 
linus  who  dif covered  that  the  Pupil 
contracts  more  or  lefts  according  to  the 
Light  that  Jhines  upon  the  Eye,  and  is 
juftly  efteemed  the  Diftcoverer  oft  this 
Law,  92 

6..  The  Lavjs  oft  the  Pupil's  Motions  laid 
down  and  demonflrated  in  fto  many  . 
diflintt  Propoftitions ;  and,  ift,  All 
Animals  have  a  Power  oft  contracting 
and  dilating  their  Pupils,  as  occafton 
requires,  94 

7.  Prop.  2.  The  natural  State  oft  the 
Pupil,  a  State  oft  Dilatation,  and  its 
Contraction  a  State  oft  Violence,  occafti- 
oned  by  the  Contraction  oft  the  circular 
Fibres  oft  the  Uvea,  95 

§.  Prop.  3.  When  the  Light  is  Jlrong,  or 
the  viftual  Object  too  luminous,  we 
contract  the  Pupil  for  intercepting  a 
Part  oft  the  Light,  which  otherwifte 
would  dazzle  and  hurt  our  Eyes. 
But,  96 

9,  Prop.  4.  When  our  Eyes  are  in  no 
Danger  from  the  Light,  and  eftpecially 
if  the  Light  be  weak,  we  enlarge,  this 

Aperture, 
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Aperture*  that  more  Light  may  enter 
the  Eye  for  making  a  jujficient  Im- 
pre/Jion,  on  the  Retina,  96 

10.  Prop.  5.  The  Pupil  contraBs  when  the 

ObjeB  is  near  the  Eye,  for  making 
tJye  luminous  Pencils  narrow  and  lefs 
diverging*  that  the  PiBure  may  be 
rendered  more  dijliriQ.  97 

11.  Prop.  6.  The  Pupil  alfo  contracts  for    \ 

making  the  PiBure  more  difiinB* 
when  the  Object  is  too  far  off*  and 
beyond  the  farthefi  Limits  of  difiinB 
Vifion*  provided  the  ObjeB  be  fufficient- 
ly  luminous;  but  if  otherwife*  the 
Pupil  will  rather  dilate*  to  take  in 
more  Light*  1 01 

1 2.  Prop.  7.  The  Contraction  of  the  Pupil 

depends  more  upon  the  Strength  of 
Light*  than  upon  the  Senfation  of  Con- 
fujion  in  the  ObjeB*  102 

13.  Prop.  8.  The  Pupils  of  both  Eyes  fym- 

pathize  with  each  other  in  their  Mo- 
tions* fb  that  when  the  one  Pupil  is 
contraBed*  the  other  alfo  contraBs* 
and  when  it  is  dilated,  the  other  alio 
dilates*  10  4 

j  4.  Prop.  9.  Thor   our  Pupils  fympathize 
with  each  other  in  their  Motions,  yet 
YoL.IL  b  they 
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irjfe#  are  not  thereby  made  to  contract 
or  dilate  equally,  1 1 2 

15.  "The    Mechanifm    by  which   the    Con- 

traction and  Dilatation  of  the  Pupil 
is  performed,  confifts  in  the  Difpofition 
of  the  mufcular  Fibres  of  the  Uvea, 
and  how  they  operate^  117 

16.  Mr.  Mehy's  Hypothefs  with  regard 

to  the  Motion  of  the  Pupil,  1 1 8 

py.  This  Hypothefs   refuted,  119 

18.  An  Experiment  made  by  Mr.  Mery 

Mpon  a  Cat,  whofe  Head  being  im^ 
merfed  in  Water,  the  Pupil  was  great- 
ly dilated,  and  the  Choroides  and  its 
VeJJels,  and  the  Entry  of  the  optic 
Nerve,  were  all  diflinSly  feen ; 
whereas  being  expofed  to  Air  in  the 

fame  Eight,  the  Pupil  was  found  con- 
traded,  and  the  Choroides  and  its 
VeJJels  were  invifible,  1 20 

1 9.  From  thefe   Obfervations  Mr*  Mery 

concludes,  that  the  Fibres  of  the  Uvea 
are  lengthened  for  jhutting  the  Pupil, 
not  by  any  mechanical  ABion  of  the 
Rays  ipon  them,  but,  by  an  Influx  of 
Spirits  into  the  Fibres  themfelves, 
and  his  Reafoning  is  here  abridged,      1 2  i 

20.  This  Reafoning  anfwered,  and  flxwn  to 

be  inconclufive,  12I 

21.  The 
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21.  The  Choroides  being  feen  in  Water, 

and  not  in  Air,  accounted  for  from 
the  iv ell  known  Principles  of  Optics, 
without  having  recourfe  to  Mr. 
Meky's  groundlefs  Supposition, 
that  more  Light  pajjes  thro"  the  Cor- 
nea, when  the  Eye  is  under  Water, 
than  when  it  is  in  the  Air,  124 

22.  What  he  fay  with  regard  to  the  Dila- 

tation  of  the   Pupil  under    Water,, 
alfo  refuted,  127 

23.  This  Dilatation  fxwn    to  arife  from 

a  twofold  Can fe,  ift,  When  the  Eye  - 
is  in  Water  the  Rays  do  not  converge 
to  a  Point  in  the  Retina,  whence  the 
Imprejfion  made  on  the  Retina,  is 
fainter  in  Water,  than  in  Air,  and 
2dly,  This  proceeds  from  the  Power 
that  Cats  retain  over  the  Motion  of 
their  Pupils,  which  "Motion  in  them 
continues  altogether  voluntary,  1 28 

2  4 .  The  Caufe  of  the  Contraction  of  the  Fibres 
of  the  Uvea  inquired  into,  and  fewn 
not  to  proceed  from  the  Action  of  the 
Rays  upon  the  Fibres  cf  the  Uvea, 
or  upon  the  Nerves  hdmgiw  to 
them,  131 

25.  This  Caufe  can  lie  no  where  but  in  the 
Mind,    which  wills   the  Contraciion 

of 
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of  the  Pupil,  to  remove  the  uneafy 
Senfatjon  when  the  Light  is  ftrong, 
and  for  making  the  Objetl  appear 
more  diJlinSl  when  its  Pitlure  is 
confnfed,  133 

2.6.  An  Objection  to  this  taken  from  the 
Motion  of  the  Pupil  in  Cataracts, 
when  the  Opacity  of  the  Cryjialline 
may  be  fuppofed  to  hinder  the  Rays 
from  pajfing  to  the  Retina,  an- 
fwered,  1 34 

27.  The  Objection  of  the  Want  of  Conciouf 

nefs  fully  anfwered,  136 

28.  This  DoSrine   applied  to  all  the  vital 

and  natural  Motions,  140 

29.  As'  a   Corollary  from   what  has    been 

faid,  it  follows,  that  the  Volitions 
of  the  Mind  are  not  the  true  efficient 
Caufe  of  the  Motions  of  the  Body, 
but  only  the  occasional  Caufe ;  and 
that  the  efficient  Caufe  is  either 
God  hinfelf,  or  fome  jubordinate 
active  Being,  aBing  under  him,  and 
by  his  Appointment,  142, 

30.  Bat  this   Caufe  mujl  always  aB,   as  a 

Law  eftablifloedjrom  the  Beginning  by  a 
Hat  or  Decree,  will  not  do,  without 
an  Agent  to  execute  this  Law,  143 

.21;  Mr, 
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31.  Mr.  Leibnitz's    Hypothefs,   of  a 

pre-eftablifted  Harmony,  will  alfo  ac- 
count for  all  the  fpontaneous  Moti- 
ons of  the  Body,  without  their  being 
caufed  by  the  Mind ;  but  this  Hypo- 
thefis  is  it f elf  incredible,  and  why,     144 

32.  The  Want    of  Power  over  the  Motions 

of  the  Pupil,    another    Objection  to 
their  being  caufed  by  the  Volitions  of 
the  Mind,  *         146 

33.  This  Objection  anfwered,  147 

34.  The  Do  Brine  here  delivered  concerning 

the  Motions  of  the  Pupil,  holds  equal- 
ly with  refpecl  to  all  the  vital  and 
natural  Motions,  1 49 

35.  And  is  confirmed  by  obferving,  that  the 

Power  of  the  Mind  over  the  Moti- 
ons of  the  Body,  is  not  only  different 
in  different  Parts  of  the  Body,  and 
in  different  Stages  of  Life,  but  is 
alfo  different  in  the  fame  Parts  of 
the  Body,  in  different  Animals,  150 

36.  Many  Motions  in  a  loofe,  figurative  and 

improper  Speech,  are  j aid  to  be  necejfa- 
ry,  involuntary,  not  under  the  Power 
of  the  Will,  and  yet,  in  truth  and 
Jiridnefi  of  Speech,  all  our  Motions  are 
both  voluntary  and  free,  andconfequent- 
lyfubjecl  to  the  Power  of  the  Mind,   153 

37.  When 
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37.  When    we  fay,    that   the  vital    and 

natural  Motions  are  necejfary,  and 
that  it  is  impojfible  for  its  to  vary 
or  flop  them,  this  Neceftty  and  Im- 
possibility are  to  be  underfood  only 
in  a  moral  Senfe,  which,  in  philofo- 
phical  Striclnefs  of  Speech,  is  no  Ne- 
ceffity  or  Impojfibility  at  all.  This 
illuftrated  in  an  Example,  1 54 

38.  Being  ajleep,  no  hindrance  to  the  Mind' }s 

exerting  its  aclive  Power  in  regu- 
lating and  conducting  the  vital  and 
natural  Motions,  with  all  that  Order 
and  Regularity  we  obferve,  156 

39.  Dr.    Whytt's     Hypothefs    with 

refpecJ   to.   the    vital    and   natural 
Motions,  1 60 

40.  This   Hypothefs   rejected,    and  f:ewn 

to  be  more  incredible  than  the  Hypothe- 
fs of *  Dr.  Haller,  162 

41.  Haller's  Hypothefs  alfo  rejected,      i66: 

42.  Corollaries    deduced   from    the   above 

Theory  of  the  Pupil's  Motion,  167 

43.  The  Advantages  we  receive  from  the 

Motions  of  the  Pupil  inquired  into,     ijo, 

44.  Galen's  Opinion  rejected,  and  why,   171 

45.  De  la  Hire's  Opinion   alfo   rejected, 

and  why,  171 

46.  The 
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46.  The  Ufe  of  the  Pupil's  Motions  briefly 

explained,  174 

47.  Queries  anfwered  from  the  above  eftabli- 

fied  Principles  ;  and\  It,  -why  we  fee 
mojl  cleardy  when   the  Pupil  is  di- 
lated? 175 

48.  Quer.  2.  Why  does  the  Eye  fee  rnofl 

difinBly  when  the  Pupil  is  con- 
trailed?  176 

49.  The  -  Magnitude  of  ObjeBs  not  affeBed 

by  the  Dilatation    or  ContraBion  of 
the  Pupil \  as  Paul  us  Egineta, 
A  e  t  1  u  s ,  and  after  them  a  Multitude 
of  more  modem  Authors  maintain,     178 

50.  Tet  the  Magnitude  of  the  Pupil  affecls 

the  Magnitude  of  ObjeBs  when  placed 
vjithout  the  Limits  of  deftinB  Vifton, 
and  how,  igi 

51.  Quer.  3.  Whence  is  it    that  the  Rye 

fees  be f  from  amongjl  Darknefs  ?  And 
fome  Phenomena  proceeding  from 
thence  explained,  182 

52.  Quer.  4.  Whence  is  it  that  from  with- 

in a  Chamber  we  fee  the  ObjeBs  that 
are  without,  but  do  not  from  with- 
out fee  thofe  within  ?  1 85 

53.  Quer.  5.  whence  is  it  that  in  Candle- 

light  we  fee   bejl  when  the  Eye  is 
Jbaded     from     the    Light    of    the 
Candle  ?  1 87 

54.  Several 
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54.  Several  Phenomena   explained  from 

the  above  Principles ,  188 

55*  Oyer.  6.  Whence  is  it  that  the  Sight 
is  for  fometime  impaired  in  going 
from  a  Light  Place  to  a  Place  much 
darker,  or  from  a  Place  faintly  illumi- 
nated into  one  that  is  bright  ?  And  fame 
Phaenomena  thence  accounted  for,      19b 

56.  Quer.  7.    Whence    is   it    that   fane 

People  J ee  in  the  Dark?  \yz 

57.  This  does  not  proceed  from  any  inherent 

Light  in  the  Eyes,  1 94 

58.  But  from  a  threefold  Caufe,    to  wit, 

a  Delicacy   of  the  Retina,   a  great 
Tranfparency  in  the  Humours  of  the 
Eye,   andr  a  great    Mobility  of  the 
Pupil,  -'  I98 

59.  Quer.  8.  Whence  is  it  that,  from  an 

opaque  Speck  in  the  Middle  of  the 
Cryjialline,  the  Eye  can  not  fee  in 
bright  Day-light,  but  in  the  Twilight 
fees  tho9  faintly  ?  202 

60.  Galen's    Miflake  in    thinking  that 

from    fuch  a   Speck   Objects   appear 
perforated,  204 

61.  Quer.  9.  Whence  is  it  that  when  the 

Half  of  the  Pupil  is  obftruffed  by  a  Speck 
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Eye 
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Eye  fo  affetted  fees  Objects  coloured 
at  their  Edges,  as  when  feen  thro9  a 
Prifm,  205 

62.  A  Mijlake  of  the  Antients  corrected,     205 
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Of  the  Ufe  of  the   Black   Pigment  covering 
the  Uvea  and  Choroides, 
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1.  The   Uvea   is  covered  with    this  black 

Pigment,  for  rendering  it  more  opaque 
that  the  Eye  may  be  a  Cellula 
Obfcura  fo  necejfary  for  Vifwn,         208 

2.  The   Infide  of  the  Choroides  is  black, 

that  the  Rays  that  fall  on  it  may 
not  be  reflecled  back  again  upon  the 
Retina,  which  would  render  the 
Sight  con f ufe d  and  indifiinB,  209 

%  The  Back  fide  of  the  Choroides  being 
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Conclusion.  429 
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CHAP.     IV. 

Containing  fome  ufefal  Reflexions  on  the  Motions 
of  the  Cryflalline* 

Sect.  i.T"  ~TAVING,    in    the  preceeding 
I     I  Chapter,  explained  the  Change 
-* — ■-  that  is  made  in  the  Confor- 
mation   of    the   Eye,     by    which    we     are 
■enabled  to  fee  diftindtly  at  different  Diftances, 
and  the  Ufe  of  the  Ligamentum  Ciliare  in  pro- 
ducing this  Change ;  I  fhall  now,  by  way  of 
Vo  l  .  II.  A  Corollary, 
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Corollary,  make  a    few   obvious   Reflections 
en  what  has  been  faid  on   this  Head.     And, 

Firjl,  If  an  Object  be  viewed  diftindtly 
at  three  different  Diftances  from  the  Eve,  the 
mil  of  which  may  be  the  leaft  Diftance  at 
which  it  can  be  viewed  diftindtly,  the  fecond 
double  the  mil,  and  the  third  infinite ;  It  is 
remarkable,  that,  by  whatever  means  the  Eye 
is  fuppofed  to  be  adapted  to  Diftances,  as  great 
Alterations  in  the  Conformation  of  the  Eye 
are  necelfary  for  feeing  the  Object  diftinctly 
at  the  firft  and  fecond  Diftances,  whofe  Dif- 
ference is  but  fmall,  as  at  the  fecond  and 
third,  whofe  Difference  is  infinite. 

For  Proof  of  this,  let  BCDE  (Plate  L 
Fig.  i.)  be  the  Axis  of  the  Eye  infinitely  pro- 
duced, BC,  BD,  BE,  the  three  Diftances  of 
the  Obj eel:  from  the  Cornea  AB;  and  CA,  DA, 
EA,  three  Rays  falling  upon  any  given  Point 
of  the  Cornea,  whereof  EA  is  parallel  .to  the 
Axis. 

Now,  to  procure  diftincl  Vifion  of  the  Points 
C,  D,  E,  it  is  plain,  that  every  one  of  the 
Rays  CA,  DA,  EA,  muft  be  fucceffively  re- 
fracted to  the  fame  Point  F  upon  the  Retina, 
where  it  is  cut  by  the  Eye's  Axis  ;  Let  us  there- 
fore fuppofe  the  Point  F  to  be  given,  or  the 
Length  of  the  Axis  BF  to  be  immutable, 
and  then  the  Quantity  of  the  Refraction  of 
each  Ray  muft  be  varied  by  a  Change  of 
Figure  in  the  Humours.     And,  becaufe  the 

Diftance 
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Diftance  CD.  is  fuppofed  equal  to  QB  or 
CA,  the  Angle  CAD  is  equal  to  CDA,  and 
consequently  to  DAE ;  therefore,  conceiving 
each  Ray  to  come  back  again  from  the  fixt 
Point  F,  to  the  Points  C,  D,  E,  facceffively, 
the  whole  Quantity  of  its  Refra&ions  mufl 
firft  be  leffened  by  the  Angle  CAD,  and  then 
by  the  equal  Angle  DAE;  and  fo  the  Changes 
of  the  Figures  of  the  refracting  Surfaces  mufl 
be  much  the  fame  when  the  Qbje£i  is  removed 
from  C  to  D,  as  when  it  is  removed  from 
D  to  E.  And  the  fame  thing  may  alfo  be 
demonftrated,  when  the  refraffing  Surfaces 
keep  their  Figures  immutably,  ^nd  whenVifion 
is  made  diflind  either  by  a ' Variation  of  the 
Place  of  the  Retina,  or  by  a  Variation  partly 
of  the  Place  of  the  Retina,  and  partly  of  the 
-Figures  of  the  refracting  Surfaces ;  as  Ma- 
thematicians will  eafily  find  out  by  means  of 
the  theorems  by  them  demonftrated,  for  find- 
ing the  Foci,  and  therefore  I  fhall  not  now 
wafte  Time  in  demonftrating  it. 

Hence,  if  fhort-fighted  Perfons  can  read  a 
fmall  Print  diftin&ly  at  two  different  Di- 
ftances,  whereof  the  larger  is  but  double  the 
leffer,  which  I  believe  moft  of  them  can  do ; 
it  follows,  that  as  great  Alterations  are  made 
in  their  Eyes,  as  in  perfeft  Eyes  that  can  fee 
diftin&ly  at  all  intermediate  Diftances  between 
Infinity,  and  the  larger  of  thofe  two.     And 

this 
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this  is  the  Reafon  that  a  fhort-fighted  Perfon 
can  fee  diftinct  y  at  all  Diftances,  with  one 
fingle  Concave  of  a  proper  Figure;  which 
Otherwife  muft  have  been  differently  figured 
for  different  Diftances ;  for  the  Caufe  of  Short- 
fightednefs  is  not  a  want  of  Power  to  vary  the 
Conformation  of  the  Eye,  but  that  the  whole 
Quantity  of  Refractions  is  always  too  great 
for  the  Diftance  of  the  Retina  from  the 
Come  . 

§  2.  zdfy;  Seeing  that  the  natural  State  of 
the  Ligammium  Ciliary  like  that  of  all  other 
Mufcles,  is  a  State  of  Relaxation,  it  is  eafy  to 
fee,  that  the  Cryftalline  muft  then  be  as  near 
to  the  Retina  as  poffible;  whence  it  follows, 
that  the  Eye  is  naturally  difpofed  to  fee  diftindt- 
ly  only  diftant  Objects,  and  that  that  Difpo- 
fition  whereby  it  is  fitted  for  the  diftincT:  Vifion 
of  near  Objects,  arifmg  from  the  Contraction 
of  this  Ligament,  is  a  State  of  Violence  in- 
troduced at  the  Command  of  our  Will : 

For  Confirmation  of  this,  we  might  appeal 
to  every  one's  Experience,  who,  we  doubt  not, 
will  acknowledge,  that  when  they  are  fitting 
carelefsly,  without  attending  to  any  Object,  no- 
thing at  an  ordinary  Diftance  appears  diftinct, 
till  a  certain  Effort  be  exerLed,  which  will  be 
remarkably  greater  in  Proportion  as  the  vifible 
Object  is  nearer :  and  this  alfo  agrees  perfect- 
ly well  with  that  necefTary  Connexion  and  De- 
pendence 
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pendence  that  Habit  and  Cuftom  has  eftablifh- 
ed  betwixt,  the  Motions  of  the  Crystalline  and 
certain  correfponding  Motions  in  the-  Axes .  of 
Vifion,  which  makes  it  impofflble  for  us  to 
direct  our  Eyes  to  any  Object,  without,  at  the 
fame  time,  giving  them  that  Difpofition  that 
is  neceffaiy  for  feeing  diftinctly  at  that  Di- 
itance;  for,  as  our  Eyes  are  naturally  adapted 
for  feeing  diftinctly  only  diftant  Objects ;  and 
as  that  Difpofition,  whereby  they  are  fitted  to 
near  Object's,  is  a  State  of  Violence  that  requires 
an  Effort,  greater  or  fmaller,  as  the  Object  is 
nearer  or  farther  off;  fo  the  Axes  of  our  Eyes 
are  naturally  parallel,  which  is  the  Direction 
proper  for  diftant  Objects;  and  when  they  are 
directed  to  a  near  Object,  an  Effort  muft  be 
exerted,  which  alfo  will  be  greater  or  fmaller, 
in  proportion  as  the  Object  is  nearer  or  farther 
off ;  which  Harmony  and  Agreement  of  Mo- 
tions I  efteem  a  very  great  Confirmation  of  this 
Doctrine. 

§  3*  3'%  From  what  has  been  laid,  we  may 
clearly  fee,  whence  it  is  that  our  Eyes  afe  fo 
foon  fatigued  in  looking  to  near  Objects, 
which  feldom  happens  when  the  Object  is  at 
any  considerable  Diftance. 

The  Reafon  of  this  is  obvious  ;  for,  when 
the  Object  is  near,  an  Effort  muft  be  exerted, 
both  by  the  Mufcles  of  our  Eyes,  for  giving 
them  the  neceffary  Direction,  and  by  the  Liga-. 

mentitm 
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vnentum  Cilidre,  for  giving  them  the  neceffa- 
ty  Conformation  ;  which  Effort  being  always 
greater  in  proportion  as  the  Objed  is  nearer, 
muft  be  painful  and  laborious  when  the  Object 
is  very  nigh  ;  whence  arifes  that  Fatigue  fo 
often  felt  in  looking  long  at  near  Objects ;  but 
when  the  Object  is  at  any  considerable  Di- 
stance, fo  great  an  Effort  is  not  required,  efpe- 
cially  by  the  Ligdmentum  Ciliare,  which,  by 
fome  Experiments  taken  notice  of  above,  is  in 
my  Eyes  totally  relaxed  at  the  Diftance  of 
twenty  feven  Inches  ;  whence  at  that,  and  all 
greater  Diftances,  no  Uneafinefs  can  be  felt, 
imlefs  the  Object  be  too  bright  and  luminous, 
tait  what  arifes  from  the  Direction  of  my  Eyes, 
which  is  very  inconfiderable;  and  therefore  my 
•Eyes  are  not  foon  fatigued  in  looking  at  an 
Objed  whofe  Diftance  is  greater  than  twenty 
ieven  Inches ;  but  when  the  Diftance  is  lefs, 
they  foon  become  fenfible  of  an  Uneafinefs, 
which  being  proportionally  greater  as  the  Ob- 
jed is  nearer,  does  foon  require  that  the  Eyes 
be  relaxed ;  and  this  is  the  true  Reafon  why 
none  of  us  are  able  to  look  long  to  a  very  nigh 
b  jed. 

§  4.  ^.tbly,  From  this  alfo  it  is  eafy  to  un- 
derftand,  whence  it  comes  to  pafs,  that,  after 
the  Eye  has  been  very  attentive  in  confidering 
an  Objed  at  a  certain  determined  Diftance, 
it  cannot  prefently  fee  another  Objed  diftind- 
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ly,  at  a  greater  or  lefs  Diftance,  though  both 
Objects  feems  to  touch  one  another,  being 
nearly  in  the  fame  Line. 

This  is  fo  plain,  that  it  needs  no  Proof*  or 
Illuftration.  For  fince  the  Conformation  of 
the  Eye  mud  be  fitted  to  the  Diftance,  fome 
Time  will  be  required  for  finding  out,  by  .repeat-? 
ed  Trials,  that  precife  Difpoiition  which  is 
neceffary  for  feeing  the  Object  at  that  Di- 
ftance ;  and  therefore  it  muft  appear  confufed 
and  imperfect,  till  the  'Eye  has  exactly  a-t 
dapted  itfelf  to  the  Diftance  of  the  Ob- 
ject. 

§  5-  Sthly,  This  Motion  of  the  Cryftallinc 
whereby  our  Eyes  are  accommodated  to 
the  Diftance  of  Objects,  being  intirely  volun- 
tary and  fubjected  to  our  Mind,  which,  being 
a  wife  Agent,  wills  its  Motion,  that  Objects 
may  not  appear  confufed  ;  it  follows,  that  when 
by  any  other  Means  this  Confufion  is  taken 
off,  the  Mind  will  not  then  change  the  Con- 
formation of  our  Eyes,  unlefs  there  be  fome- 
thing  elfe  that  can  influence  it  to  fuch  an  Add- 
on :  And  this,  after  many  Conjectures  upon  the 
Matter,  I  take  to  be  the.  true  Reafon  why  the 
Eye  is  not  adapted  to  the  Diftance  of  Objects 
viewed  thro'  a  fmall  Hole  made  in  a  Card ;  and 
why,  when  viewed  thro1  feveralfmallHoles  whofe 
Diftance  from  each  other  does  not  exceed  the 

Diameter 
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t)iameter  of  the  Pupil,  they  appear  multiplied 
according  to  the  Number  of  Holes ;  as  has  been 
obferved  above. 

§  6,  (kfffj,  Though  this  Motion  of  the  Cry- 
ftalline  be  fubjected  to  our  Mind,  which,  when 
the  Object  appears  confufed,  changes  its  Situ- 
ation, till  by  repeated  Trials  it  finds  out  the 
precife  Place  it  ought  to  poifels  for  rendering 
our  Sight  as  diftinct  as  poffible  ;  and  tho'  this 
Confufion  in  our  Sight  feems  to  be  the  only 
thing  that  fhould  influence  our  Mind  to  fuch  an 
Action ;  yet,  by  reafon  of  a  habitual  or  cuftoma- 
ry  Connection  that  has  grown  up  between  the 
Motions  of  the  Cryftalline  and  certain  corre- 
fponding  Motions  of  the  Axes  of  Vifion,  thefe 
Motions  come  at  laft  always  to  accompany  one 
another,  and  that  fo  neceffarily  as  to  make  it 
impoffible  for  us  to  feparate  them  by  any  Act  of 
Volition. 

Thus,  when  we  view  any  Object  at  two 
Feet  Diftance,  we  not  only  accommodate  our 
Eyes  to  that  Diftance,  but  we  alfo  move  our 
Eyes,  fo  as  their  Axes  produced  may  meet  in 
fome  Point  of  the  Object;  whence  it  comes  to 
-pafs,  that  thefe  Motions,  which  at  firft  had  no 
neceffary  Connection  or  Dependence  on  each 
other,  do  in  time  come  to  cohere  fo  clofely  as 
to  make  it  impoffible  for  us  to  direct  our  Eyes 
to  an  Object  at  two  Feet  Diftance,  without 
at  the  fame  time  giving  them  that  Difpofition 

that 
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that  is  neceflary  for  feeing  diftinctly  at  that 
Diftance;  and  what  has  been  faid  of  Objects  at 
two  Feet  Diftance  is  alfo  true  of  Objects  at  all 
other  Diftances  within  the  Limits  of  diftinct 
Vifion. 

Whence  it  is  eafy  to  fee,  how  the  Eye 
may  be  made  to  change  its  Conformation, 
when  an  Object  is  viewed  thro'  a  fmall  Hole 
made  in  a  Card,  tho*  by  Reafon  of  the  Small- 
nefs  of  the  Hole,  the  Object  appears  always 
diftincl,  even  when  the  Eye  is  not  adapted  to 
its  Diftance ;  for  feeing  the  Motion  of  the 
Ciyftalline  is,  by  Cuftom  and  Habit,  made  to 
follow  a  correfponding  Motion  in  the  Axes  of 
our  Eyes,  it  follows,  that  by  changing  the  Di- 
rection of  our  Eyes,  the  Eye  muft  alfo,  at 
the  fame  time,  accommodate  itfelf  to  the  Di- 
ftance at  which  the  optic  Axes  meet.  It  is  for 
this  Reafon,  that  when  a  fmall  Body  appears 
fingle,  when  viewed  thro'  two  fmall  Holes, 
whofe  Diftance  does  not  exceed  the  Diameter 
of  the  Pupil,  it  may  be  made  to  appear  double ; 
and  if  its  Diftance  be  fuch  as  makes  it  appear 
double,  the  Diftance  betwixt  the  Appearances 
may  be  increafed  or  diminifhed,  and  all  this 
only  by  changing  the  Direction  of  our 
Eyes. 

§  7.  jtb!yy  This  Motion  of  the  Cryftal- 
line  by  which  our  Eyes  are  adapted  to  the 
Diftance  of  Objects,  has  its  Limits,  beyond 

Vql.IL  ,     B  which 
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which  it  cannot  go;  whence  it  is,  that  none 
of  us  can  fee  diftinctly  with  the  naked.  Eye, 
but  within  certain  Limits,  beyond  which,  if 
the  Object  be  placed,  it  muft  appear  confu- 
fed  more  or  lefs,  as  it  is  further  removed  from 
the  L  imits  of  diftincT:  Vifion . 

Thefe  Limits  are  at  different  Diftances,  ac- 
cording to  the  Difference  of  People's  Eyes; 
and  very  often  in  the  fame  Man,  both  Eyes 
have  not  the  fame  Limits,  which  is  oftentimes 
of  the  fame  Ufe,  as  if  the  Limits  of  both 
Eyes  were  more  diftant  from  one  another; 
for  one  may  fee  an  Object  diftinctly  enough 
with  only  one  Eye ;  but  if  the  neareft  Limits 
of  one  Eye  is  further  off  then  the  furtheft  of 
the  other,  then  near  Objects  and  diftant  Ob- 
jects may  be  feen  diftinctly,  but  the  intermediate 
ones  muft  appear  confufed,  which  is  a  Cafe 
that  is  very  apt  to  furprife  fuch  as  defpife  or 
neglect  Theory. 

§  8.  Stbly,  The  Ligament wn  Ciliare  being 
the  only  Inftrument  by  which  our  Eyes  can 
befitted  for  feeing  diftinclly  at  different  Di- 
ftances, it  follows,  that  whatfoever  affects  the 
Oeconomy  and  Action  of  this  Ligament,  muft; 
alfo  affect  our  Sight.     Thus, 

imoj   When  it  has    become  paralytic,  no 
near  Object  will  appear   diftinct;  for  an  Ex- 
ample of  which,  fee  Forefti  Obfervationes,  Lib. 
xi.    Qbferv*  xxxvi.      His  Words   are  :  .  Ge- 
neral is 
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nerofus  vir  et  Dominus  de  Benthuyfen,  anno  1567, 
menfe  Maio,  cum  ad  earn  accitus  ejfem,  conmere 
batiir  fe  propius  admoia  hebetius  videre,  longin- 
qua  verb  optime,  &c.  And  then,  after  telling 
us  what  headvifed,  fays,  ^uibus'pr^fidiis  tan- 
dem hoc  vitium  cejfavit.  Nor  are  we  to 
imagine,  that  the  Cafe  here  was  only  a  com- 
mon Vijus  fenilis :  For  who  is  it  that  calls  a 
Phyfician  on  fuch  an  Occafion?  And  as  this 
Difeafe  never  yields  to  Medicine,  it  would  not 
have  been  faid,  Quibus  prgftdiis  tandem  hoc  vi- 
tium cejfavit, 

zdo,  If  this  Ligament  ihould  be  convulfed, 
no  diflant  Object  will  appear  diftiri6t.  We 
have  a  beautiful  Cafe  to  this  Purpofe  recorded 
by  Tim^us;  which  I  fhall  alio  fet  down  in 
the  Author's  own  Words:  Stadiofus  quidem 
juvenis  (fays  he)  qiieritm\  fe  menfae  ajfidentem 
legere  pojfe  etiam  minutis  literulis  confgnafa,  non 
tamai  inter  no fcere  fi  qui  hominum  conclave  ingre « 
diuntury  donee  froximius  accedant,  longius  verb 
dijfita  plane  fe  non  cernere  :  duravit  ifte  affeBus 
jam  fere  fejquiamio,  Timjei  Caf  Medicinal. 
Lib,  L  Caf  xxv.  The  Author  indeed  re- 
folves  this  Cafe  into  a  Thicknefs  and  Muddi- 
nefs  of  the  Humours  of  the  Eye;  but  to  me 
it  feems  more  reafonable  it  fliould  have  been 
refolved  into  a  Contraction  or  Spafm  of  the 
ciliary  Procefs  ;  and  if,  by  means  of  a  concave 
Glafs  of  a  due  Degree  of  Concavity,  diftant 
Objects  could  have  been  diftinclly  feen,  (of 

which 
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which  the  Author  has  taken  no  Notice)  this 
would  haveferved  as  a  Proof  of  our  Conjecture: 
For,  on  TiMiEUs's  Suppofition,  as  aifo  on  the 
Suppofition  that  this  Symptom  proceeded  from 
a  certain  Degree  of  Infenfibility  in  the  Retina, 
or  immediate  Organ  of  Sight,  fuch  a  Glafs 
would  have  rendered  the  Sight  yet  more  dark 
and  confufed  than  before* 

From  this  we  may  poffibly  fee  why,  in 
hyiteric  and  nervous  Cafes,  a  certain  Dim- 
neis„  of  Sight  is  fo  frequently  complained 
of;  and  in  particular,  why  Pi so's  Matron 
was  feized  therewith  for  an  Hour  before 
her  hyfteric  and  convulfive  Paroxyfm,  (Pi so 
4eCoiiuv>  Serof.  Obf.  xxv.  p.  m.  146.)  For 
tho'  this  Symptom  may  arife  from  a  Numbnefs 
or  a  certain  Degree  of  Paralyfis  and  Infenfibi- 
lity in  the  optic  Nerve;  yet  as  certain  it  is, 
that  it  may  alio  proceed  from  a  Spafm  in  this 
mufcular  Procefs ;  and  feeing  both  are  equal- 
ly polfible,  I  fee  no  Reafon  for  admitting  the 
one  and  rejecting  the  other,  without .  a  very 
exad  and  impartial ;  Examination  of  all  the 
Vhcenomena,  which  in  fuch  Cafes  are  com-, 
nionly  overlooked. 

The  great  Hippocrates,  in  many  Parts 
of  hii  Writings,  has  obferved  this  Dimnefs 
of  Sight  to  be  the  Attendant  as  well  as  the 
Harbinger  of  Spafms  and  convulfive  Motions; 
whence  it  feems  reafon^ble  to  liippofe,  that  in 

many 
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manyfuch  Cafes  it  fhould  alfo  itfclf  be  oc- 
cafioned  by  a  Spafm  in  this  Procefs,  whereby 
the  Eye  is  difqualified  for  feeing  diflinctly  at 
an  ordinary  Diftance.  But  all  this  I  propofe 
only  by  way  of  Conjecture,  leaving  it  to  be 
further  examined  by  others,  as  Occafion 
fhall  offer. 

In  the  Cafe  of  fome  Poifons,  the  Matter 
feems  fomewhat  plainer  ;  for  as  Mi  ca-nder, 
Diascorides,  and  others  have  long  ago 
obferved,  that  this  Dimnefs  and  Obicurity 
of  Sight,  together  with  Spafms  and  Convulfi- 
ons  of  various  Kinds,  are  the  common  Confe- 
quenc es  of  Hemlock  taken  internally,  fo  it 
feems  pretty  evident,  from  a  PafTage  in  Mg  i  n  e- 
ta,  that  this  does  not  proceed  from  any 
Degree  of  Infenfibility  in  the  Organ  of  Vifion,' 
but  from  a  Spafm  in  this  Procefs.  See  Lib,  v. 
Cap.  xli.  where,  fpeaking  of  this  Subject, 
the  following  Words  are  very  remarkable: 
"  The  Sight  becomes  fo  dim,  that  a  Man  is 
"  wholly  deprived  of  the  Sight  :  of.  Difiant 
"  Objects".     But  I  muft  go  on. 

pio,  If  this  mufcukir  Procefs  fhould  be 
paralytic  in  one  Side,  and  found  in  the 
other,  the  Cryftalline  nmft  get  an  oblique 
Situation,  when  we  look  at  near  Objects, 
whence  they  will  not  appear  diftinct,  unlefs 
the  Eye  be  turned  afide  from  the  Object. 
And, 

4^> 
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4^,  If  this  fame  Procefs  is  convulfed  on 
the  one  Side,  while  the  other  Side  is  health- 
ful, the  Cryflalline  will  alfo  get  an  oblique 
Situation,  but  not  unlefs  we  view  diftant  Ob- 
jects, in  which  Cafe  alfo  it  will  be  necefTary  to 
turn  our  Eye  away  from  the  Objedt  it  would 
view,  that  its  Picture  may  fall  on  the  Retina 
towards  the  Axis  of  the  Eye,  where  it  is  moll 
fenfible.     But, 

$to>  If  in  the  one  Side  it  fhould  be  con- 
vulfed, whilft  it  is  paralytic  in  the  oppofitc 
Side,  the  Cryflalline  will  always  have  an  ob- 
lique Pofition,  at  whatever  Diftance  the  Ob- 
jed:  may  be  placed ;  and  therefore  the  Stra- 
bijmus  anfingfrom  thisCauie,  muftbeconftant 
and  uninterrupted  ;  whereas,  in  the  two 
former  Cafes,  it  only  takes  Place  in  certain 
Circumftances.  But,  for  the  better  underftand- 
ing  what  has  been  faid  on  this  and  the  two 
immediately  preceeding  Heads,  it  may  be  pro- 
per to  refer  the  Reader  to  what  fhall  be  faid 
afterwards  on  the  Subjedt  of  the  Strabiftmts, 
towards  the  End  of  this  Volume;  from  which 
it  will  alfo  appear,  that  in  all  thefe  Obliquities 
of  the  Cryflalline,  the  Objed  will  not  be  feen 
in  its  proper  Place,  where  it  is  feen  with  the 
other  Eye,  but  will  be  thence  tranflated  to 
fome  other  Place,  from  which  Tranflation  it 
muft  neceflarily  appear  double. 

6to, 
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6to9  When  this  Ligament  has  become  rigid 
and  ftiff,  the  Cryftalline  will  have  but  very 
little  Motion,  whence  the  Limits  of  diftinCfc 
Vifion  will  be  very  narrow:  Thus  it  is  with 
all  thofe  who  are  much  employed  in  any  fubtile 
Work,  fuch  as  Engravers,  Jewellers,  Watch- 
makers, Painters  in  Minature,  <&c.  who  are 
very  apt  to  become  fliort-fighted  from  their  con- 
ftant  Application  to  final!  Gbjedts,  which  can- 
not be  diftin&ly  feen  but  at  a  very  fmall  Di- 
ftance ;  and  therefore  they  are  obliged,  by  the 
Contraction  of  this  Ligament,  to  bring  the  Cry- 
ftalline as  near  to  the  Uvea  as  poffible ;  but 
all  Mufcles  that  continue  long  in  the  fame  Stat;e 
become  rigid  and  ftiff,  and  lofe  much  of  their 
Activity;  and  therefore,  this  Ligament,  by  its 
conftant  Contraction,  muft  at  laft  fhrink* 
and  have  its  Fibres  fhortened,  which  will  keep 
the  Cryftalline  fixed  in  that  Situation,  by  which, 
the  Eye  is  difqualified  for  feeing  diftant 
Objects  diftincHy.  This  has  been  obferved  by 
Ramazzini,  deMorbis  Artificum,  Cap.  xxvi. 
who  therefore  judicioufly  advifesall  fuch,  from 
time  to  time,  to  intermit  their  Work,  and  re- 
create their  Eyes  with  a  Diverfity  of  ObjeCts, 
left  they  fhould  lofe  their  Mobility,  and  become 
fhort-fighted. 

The  Reverfe  of  this  Difeafe  happens  to  fiich 
as  are  feldom  employed  in  obferving  near  Ob- 
jects,   but  who  from  their  Infancy  have  ac- 

cuftomed 
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cuftomed  themfelves  to  look  much  to  diftant 
Objects,  fuch  as  Hunters,.  Falconers,  Sailors, 
<&c.  In  thofe  this  Ligament  is  much  relaxed, 
by  which  they  can  fee  at  a  great  Diftance ; 
but  by  reafon  they  are  to  little  accuftomed  to 
obferve  near  Objects,  it  lofes  much  of  its  Fa- 
culty of  Contraction,  whence  they  cannot  ac- 
commodate their  Eyes  to  near  Qbjedts :  And 
thus  we  fee  how  the  Vifus  fenilis,  as  well  as 
the  Myopia,  may  be  acquired  by  Ufe  and  Cu- 
ftom.     But  I  muft  go  on. 

§  9.  qtbly,  The  Ninth  and  laft  Reflection  I  fhall 
make  on  this  Subject,  fhall  refpedt  the  Caufe  of 
this  Change  of  Conformation  in  our  Eyes,  which 
is  either  efficient  or  final. 

As  to  the  efficient  Caufe y  it  has  been  already 
demonftrated,  that  this  lies  in  the  Ligamentum 
Ciliare,  which  being  mufcular,  does  by  its  Con- 
traction change  the  Situation  of  the  Cryftalline, 
according  as  Objedts  are  nearer  or  further  off. 
But,  left  it  fhould  be  imagined,  that  our  Mind 
does  not  perfide  over  this  Motion  of  the  Cry- 
ftalline, by  reafon  we  are  fo  very  little  confci- 
ous  of  its  Influence,  it  muft  here  be  obferved, 
that  there  are  many  other  Motions  that  are  no 
doubt  voluntary  and  depending  on  our  Mind, 
of  which  we  are  every  bit  as  little  confci- 
ous. 

No  body  denies  but  the  Mind  prefldes  over 
thofe  Mufcles  which  tune  the  Ear,  and  yet  we 

are 
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are  not  confcious  of  their  acting.  The  Motions 
of  the  Eye-lids  are  alfo  all  voluntary,  tho'  we 
are  often  infenfible  of  them,  and  even  in  ma- 
ny Cafes  cannot,  by  any  Act  of  Volition,  hin- 
der them  to  move  in  a  particular  Manner: 
Thus,  when  the  Eyes  are  turned  up  or  down, 
the  Eye-lids  always  follow  their  Motion,  and 
keep  at  the  fame  Diftance  from  the  Pupil ;  and 
if  a  Body  be  haftily  moved  towards  our  Eyes, 
they  will  .(hut  without  our  being  confcious 
thereof:  Neither  is  it  in  our  Power  to  do  o- 
therwife,  becaufe  we  have  accuftomed  ourfelves 
to  do  fo  on  the  like  Occafions  ;  for  fuch  is  the 
Power  of  Cuftom  and  Habit,  that  many  Actions 
which  are  no  doubt  voluntary^  and  proceed 
from  our  Mind,  are  in  certain  Circumftances 
rendered  fo  neceffary,  -  as  to  appear  altogether 
mechanical  and  independent  on  our  Wills  ;  but 
it  does  not  from  thence  follow,  that  our  Mind 
is  not  concerned  in  fuch  Motions,  but  only  that 
it  has  impofed  uponitfelf  a  Law,  whereby  it  re- 
gulates and  governs  them  to  the  greateft  Ad- 
vantage. In  all  this  there  is  nothing  of  intrin- 
fical  Neceffity  ;  the  Mind  is  at  abfolute  Liber* 
ty  to  act  as  it  pleafes,  but,  being  a  wife  Agent, 
it  cannot  chufe  but  to  act  in  Conformity  to 
this  Law,  by  reafon  of  the  Utility  and  Advan- 
tage that  arifes  from  his  Way  of  acting :  Thus. 
the  Ear  is  tuned  to  different  Sounds,  the  Eye 
is  accommodated  to  Objects  at  different  Di- 
Vol,  II.  C      ,  .fiances, 
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fiances,  the  Pupil  is  proportioned  to  the  In- 
tenfity  and  Weaknefs  of  Light,  while  at  the 
fame  time  we  are  not  confeious  of  our  having 
done  any  Thing:    And  when  thefe  and  fuch 
like  Motions  have  become  neceiTary  in  certain 
Circumftances,  fo  as  to  render  any  other  Moti- 
on impoffible,  this  does  not  make  them  me- 
chanical and  independent  on  our  Will,  but  only 
fhews  us,  that  the  Mind,  which  at  firft  always 
a£ted  from  a  Principle  of  Intereft,  comes  at 
length  to  be  determined  by  Habit  and  Cuftom, 
without  examining  how-  far  fuch  Motions  may 
be  profitable  or  hurtful  to  us,  or  at  leaft  with- 
out being  fenfible  of  any  fuch  Examination  : 
And  this  is  the  only  Reafon  can  be  given  why 
none  of  us  are  now   able  to  move  our  Eyes 
differently,  tho'  when  Children  we  were  pof- 
fefled'of  that  Power:   And  with  refpe&  to  the 
Eye-lids,  the  Cafe  is  exactly  the  fame ;    for, 
tho'  we  are  not  now  at  Liberty  to  keep  them 
open  when  any  thing  is  haftily  moved  towards 
our  Eyes,  yet  that  this  proceeds  intirely  from 
Cuftom,  and  not  from   any  abfolute  or  me- 
chanical   Neceffity   in    the    Thing   itfelf,    is 
evident  from  this  Angle  Confideration,    that 
fame  may  be  found  who  can  keep  them  open, 
tho'  the  Organs  fttbfervient  to  their  Motions 
are  the  fame  as  in  other  Men.     Thus  it  was 
with  the  two  Roman  Gladiators  taken  notice  of 
byPLEMPlus   (Ophthdmogr.Lib.  i.  Cap.  ii.) 

who 
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who  being  of  uncommon  Fortitude  and  Cou- 
rage, had  not  accuftomed  themfelves  on  every 
trifling  Occafion  to  ihufc  their.  Eye-lids  for  the 
Defence  of  their  Eyes,  whence  their  Motions 
continued  arbitrary  in  the  ftrideil  Senfe. 
Thus  alfo  it  feems  to  have  been  with  that 
excellent  Philofcpher  Socrates,  who,  in  the 
Judgment  of  Apollo,  was  the  wifeft  Mail  on 
Earth;  and  yet,  for  110  better  Reafon  than 
for  to  accuftom  himfelf  to  Patience,  he  was 
wont  to  Hand  for  a  whole  Day  like  a  Statue, 
without  the  leaft  Motion,  not  fo  much  as  of 
his  Eyes  or  Eye-lids,  (GelL  Noa.  Jtt.  Lib.  ii. 
Cap,  i.) 

§10.  But  the  Matter  does  not  flop  here,  our 
Mind  does  not  only  prefide  over  the  Motion  of 
theCiyftalline,  and  fuch  other  Motions  as  are 
commonly  faid  to  be  voluntary,  but  there  is 
good  reafon  to  fufpedt,  that  it  extends  its  Do- 
minion and  Influence  even  over  all  the  vital 
and  natural  Motions. 

Some  very  great  Philofophers,  and  particu- 
larly Des  Cartes  and  his  Followers,  have 
been  of  Opinion,  that  our  Mind  always  thinks, 
and  yet  this  is,  what  we  are  often  very  little 
confcious  of;  and  if  the  Mind  can  think  with- 
out our  Knowledge,  I  fee  not  why  it  may 
not  alfo  be  allowed  to  exert  its  active 
Power  in  the  Government  of  the  vital  and 

natural 
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natural  Motions,    without   our  Knowledge   or 
Attention. 

I  know  it  has  been  alledged  by  Locke  and 
others,  That  all  the  Thoughts  and  Operations 
of  the  Mind  mull  neceflanly  be  attended  with 
Confcioufnefs ;  from  whence  it  may  be  argued, 
that  the  Mmd  is  not  concerned  with  thefe  Mo- 
tions, becaufe  it  is  altogether  infenfible  of  its 
Influence.      But,  without  determining  how  far 
the  Thoughts  and  Operations  of  the  Mind  may 
or  may  not  imply  Confcioufnefs,  which  is  a 
metaphyseal  Queftion,  I  leave  to  be  difputed 
by  thofe  who  have  better  Thought  of  that  Mat- 
ter; it  is  fufficient  for  my  prefent  Purpofe  to 
have  fhewn  in  a  few  of  many  Inftances  that 
might  have  been  brought,  that  there  are  Mo- 
tions unqueftionably  voluntary  and  depending 
on  the  Mind,  which  by  Cuftom  and  Habit  have 
become  fo  eafy  as  to  be  performed  without  our 
Knowledge  or  Attention,  and  that  fo  neceffa- 
rily  as  to  make  it  impoffible  for  us,  by  any 
Effort  of  Mind,  to  hinder  them  from  going 
on  in  their  ufual  Manner.     And  feeing  every 
one's  Experience  and  Obfervation  may  afford 
him  many  Inftances  of  fuch  Motions  as  thefe, 
I  would  gladly  know  why  the  vital  and  natu- 
ral Motions  fhould  be  efleemed  of  a  different 
Kind. 

If  any  one  fliall  look  ftedfaftly  at  the  Moon, 
the  Index  of  a  Clock,    or  any  other  Obje<3 

moving 
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moving  flowly,  for  feme  little  Time,  fuppofe 
half  an  Hour  or  an  Hour,  he  will  neither  be 
confcious  of  his  having  been  fenfible  of  the 
Motion  of  the  Object,  nor  of  his  having  willed 
the  Motion  of  his  Eyes  that  was  necefiary  for 
to  keep  them  fixed  thereon;  and  yet  that  he 
was  fenfible  of  this  Motion,  of  the  Object,  is 
evident,  becaufe  his  having  been  fenfible  of  it 
was  the  only  Caufe  that  could  determine  him 
to  move  his  Eyes  and  make  them  keep  Pace 
with  the  moving  Body ;  and  that  he  willed  the 
Motion  of  his  Eyes  tho'  he  cannot  well  be  faid 
to  have  been  confcious  of  it,  is  evident,  be- 
caufe the  moving  Body,  notwithftanding  its 
Motion,  continued  always  to  be  feen  diftinftly^ 
and  confequently  had  its  Picture  all  the  While 
in  the  Axis  of  the  Eye  where  the  Retina  is  mofl 
fenfible.  From  this  Xnftance  alone  we  may 
fee  how  Motions  unqueftionably  voluntary 
may  be  performed  by  the  Mind,  tho',  in  a 
common  Way  of  fpeaking,  at  leaft,  we  may 
neither  be  confcious  of  its  Volitions  on  which 
thefe  Motions  depend,  nor  of  the  Senfations 
or  other  moral  Motives,  that  may  have  in- 
fluenced our  Mind  to  will  thefe  Motions;  the 
Want  of  fuch  Confcioufnefs  is  therefore  no 
folid  Objection  to  the  vital  and  natural  Motu 
ons  being  caufed  by  our  Mind. 

I  do  not  by  this  mean  to  fay,  what  I  find 
insinuated  by  others,  that  infenfible  Senfations 

or 
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or  Stimuli,  that  are  not  at  all  perceived,  can  any 
Way  a£t  as  Motives,  or  influence  our  Mind  in 
its  Actions,  or  that  the  Mind  may  be  abfolutely 
unconfcious  of  its  own  Volitions  by  which 
thefe  Actions  are  executed ;  for  this  may  be 
thought  to  imply  a  Contradiction,  and  I  think 
it  beft  to  avoid,  as  much  as  may  be,  all  me- 
taphyfical  Controverfies ;  all  I  would  there- 
fore fay,  and  all  that  the  prefent  Argument 
requires  I  fhould  fay,  is,  that  as,  in  the  Inftance 
juft  now  given  of  the  Motion  of  our  Eyes,  we 
can  neither,  in  a  common  Way  of  fpeaking,  be 
faid  to  have  been  confcious  of  the  Volitions 
,of  the  Mind  caufingthat  Motion,  nor  of  the 
Senfation  of  Motion  in  the  Objedt  influencing 
the  Mind  thereto,  fo  in  like  Manner  the  vital 
and  natural  Motions  may  be  owing  to  the 
Mind,  tho'  neither  its  Volitions  nor  the  Senla- 
tions  moving  it  thereto  fhould  be  attended 
with  any  remarkable  Confcioufnefs. 

§  ii.  That  they  cannot  be  accounted  for 
from  Mechanifm  alone,  is  very  certain ;  for  all 
the  Hypothefes  that  have  hitherto  been,  or 
may  hereafter  be  invented,  for  explaining  thofe 
Motions  mechanically,  do  and  muft  proceed 
upon  the  Suppofition  of  the  PofTibility  of  a  per- 
petual Motion. 

By  a  perpetual  Motion,  I  mean  an 
uninterrilpted  Communication    of   the   fame 

Degree 
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Degree  of  Motion,  from  one  Part  of  Matter  to 
another,  in  a  Circle,  fo  as  perpetually  to  return 
undiminifhed  upon  the  firft  Mover,  which,  in 
the  prefent  Constitution  of  Things,  is  repu- 
gnant to  the  Laws  of  Nature ;  for  feeing  all 
Motions  and  Changes  made  in  the  Motions  of 
Bodies  are  always  proportional  to  the  imprejfed 
moving  Force  ;  and  feeing  all  Motions  on  this 
Globe  are  performed  in  a  refilling  Fluid,  viz. 
the  Air,  a  confiderable  Quantity  of  the  Mo- 
tion mufl  be  fpent  in  the  Communication  on 
this  Medium ;  and  confequently  it  is  impoffible 
the  fame  Quantity  of  Motion  fhould  return  un- 
diminifhed upon  the  firft  Mover,  which  is  ne- 
ceffary  towards  a  perpetual  Motion.  Moreover, 
the  Nature  of  all  material  Organs  is  fuch,  that 
there  is  no  avoiding  a  greater  or  lefler  Degree 
of  Friftion,  tho'  the  Machine  be  formed  ac- 
cording to  the  exadleft  Principles  of  Geometry 
and  Mechanics,  there  being  no  perfect  Con- 
gruity,  nor  exaft  Smoothnefs  in  Nature :  And 
this  alfo  mufl  very  confiderably  diminifh  the 
communicated  Force;  fo  that  on  both  thefe 
Accounts  it  is  impoffible  there  fhould  be  a  per- 
petual Motion,  unlefs  the  communicated  Force 
were  fo  much  greater  than  the  generating  Force, 
as  to  recompence  the  Diminution  made  herein 
by  thefe  Caufes ;  fo  that  the  imprefTed  Motion 
may  return  undiminifhed  to  the  firft  Mover: 
But  that  being  contrary  to  the  above  mention- 
ed 
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ed  Law  of  Motion,  it  is  clear  that  the  Motion 
muft  continually  decreafe,  till  it  at  laft  ftop, 
and  confequently  there  can  be  no  perpetual  Mo- 
tion in  the  prefent  State  of  Things:  Liquet 
ex  calculo  mechanico,  fays  the  learned  Dr. 
Clarke,  iiiRohault.  Ptyfi  p-  i-  cap.  22. 
ar.86.  omnem  de  motu  perpetno  qu&flionem  eo  re- 
dire ;  ut  pondus  inveniaiur  feipfo  ponder  oftus9  vel 
vis  elaflica  feipfa  fortior,  quod  eft  abfurdum  #. 

§  12. 


*  Having  more  than  20  Years  ago,  in  the  Edinburgh  Medi- 
cal EJfays,  Vol.  iv.  had  Occasion  to  make  Ufe  of  this  Argument, 
amongft  the  others  here  mentioned,  for  proving  that  the  vial 
and  natural  Motions  may  depend  on  the  Mind,  it  gave  me  fome 
Pleafure  to  find  that  this  Doclrine  was  pretty  well  received 
by  many  learned  men.  Amongft  others,  the  ingenious 
Dr.  Whytt  alfo  embraced  it,  and,  about  6  or  7  Year?  ago, 
publifhed  a  large  EiTay  on  that  Subject;  in  which  indeed  he 
differs  from  me  in  fome  particulars,  but  in  the  main  agrees 
with  me,  in  making  all  the  vital  and  natural  Motion  ,  as 
well  as  thofe  called  Voluntary,  to  proceed  from  the  Mind.  But 
I  could  not  help  being  fomewhat  furprized  to  find,  that  this, 
learned  Gentleman  mould  feem  to  think  this  Argument  fuch  as 
cannot  be  depended  on ;  for,  tho' he  acknowledges,  that  "  it 
*'  feems  demmfiratvvf ;''  yet,  being  an  Argument  a  priori,  he 
fays,  "  as  this  Kind  of  Reafoning  is  apt  to  render  us  too  pre- 
"  fumptuous,  and  frequently  betra\  s  us  into  Error  and  Miftakes, 
"  we  (hall  further  endeavour  to  vindicate  this  Opinion  from  the 
"  moft  plauiible  Objections  which  may  be  brought  againft  it, 
"  and  at  the  fame  time  fhow,  by  a  Variety  of  Arguments  a 
"  pojieriori,  chiefly  of  the  analogical  Kind,  that  the  vital,  as 
"  well  as  the  other  involuntary  Motions  of  Animals,  are  directly 
"  owing  to  the  immediate  energy  of  the  Mind  or  fentient  Prin- 
"  ciple,  &c."  (See  Whytt  on  the  Vital  Motions^  p.  267.) 
And  I  was  flill  the  more  furprized,  when  I  found  this  Argument 

made 
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§  12.  No  body  now-a-days,  that  underftands 
any  Thing  of  Nature  and  Philofophy,  can  fo 
much  as  imagine  that  any  Animal,  how  abject 
foever,  can  be  produced  by  Mechanifm,  with- 
out any  a&ive  immaterial  Caufe ;  we  all  know 
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made  ufe  of  by  Himfelf  in  the  very  next  Page,  and  the  three 
following  ones ;  for  if  he  thought  the  Argument  fa'lacious  and 
apt  to  render  us  too  prefumptucus,  I  could  not  fo  eafiiy  iee  why- 
he  ihould  have  made  Ufe  of  it.  It  is  indeed  true,  he  has  put  it 
in  a  different  DreG,  fo  as,  to  an  unattentive  Reader,  it  may  ap- 
pear a  different  Argument.  But  the  Argument  is  the  very  fame ; 
and  1  believe  no  body  that  confiders  the  Way  in  which  he  has 
ftated  it,  will  think  that  it  has  received  an;  additional  Strength. 
in  palling  thro'  his  hands.  He  has  alfo  clofed  his  Argument  with 
the  fame  Quotation  from-Dr.  Clarke,  that  I  have  closed  mine 
with.  .  And  indeed  the  whole  Argument,  as  I  have  ftated  it,  is 
nothing  but  a  Comment  or  Explanation  of  this  Quotation,  a  mere 
mechanical  Calcul,  which  can  never  betray  us  into  any  Error  or 
Miftake.  It  is  indeed  true,  that  it  is  an  Argument  a  priori  : 
But  what  then  ?  Bo  not  all  mechanical  Wrters  afTume  the 
Laws  of  Morion,  that  have  been  eitablifhed  by  Experiments  or 
other  certain  Truths,  and  from  thofc,  as  Principles,  argue  a  priori 
in  deducing  the  Effects  and  Confequences"  that  proceed  from 
them  ?  Were  this  Kind  of  Reafoning  to  be  fet  afide  as  fallaci- 
ous, a  great  Part  of  Mechanics,  and  of  the  other  Branches  of  Na- 
tural Philofophy,  and  even  of  Sir  Isaac  Newton's  Principles 
and  Optics,  behoved  alio  to  be  frt  afide,  as  being  founded  on 
this  Way  of  Reafoning.  I  am  therefore  fo  far  from  thinking  this 
Argument  fallacious,  and  not  to  be  depended  on,  that  I  think  it 
ftridtly  demonftrative.  and  that  all  that  either  the  Dodlor  or  I,  or 
any  body  elfe,  have  faid,  or  may  fay,  on  the  vital  and  natural 
Motions,  can  perfuade  no  body  that  they  proceed  from  the  Mind, 
unlefs  this  Argument  is  allowed  to  demonflrate,  that  they  can- 
not proceed  from  Mechanifm  :  And  that  it  dtmonftrates  this,  is 
evident,  from  its  being  agreeable  to  the  Method  of  Philofophi- 

zing, 
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there  is  nothing  in  the  animal  Machine  but  an 
Infinity  of  branching  and  winding  Canals, 
filled  with  Liquors,  of  different  Natures,  going 
the  fame  perpetual  Round,  which  are  no  more 
capable  of  producing  the  wonderful  Fabric  of 

another 


zing,   {o  often  u fed  by  our  great  Philofopher,  and  defcribed  by 
him  in  his  Optics,  Query  31.  in  the  following  Words  : 

"  As  in  Mathematics,  fo  in  Natural  Philofophy,  the  Inveftiga- 
"  t'ion  of  difficult  Things  by  the  Method  of  Analyfis,  ought  ever 
*'  to  preceed  the  Method  of  Compofition.  This  Analyfis  con- 
■'  fills  in  making  Experiments  and  Obfervations,  and  in  dravv- 
M  ing  general  Conclusions  from  them  by  Induction,  and  admit- 
**  ting  of  no  Objections  againft  the  Conclufions,  but  fiich  as  are 
u  taken  from  Experiments,  or  other  certain  Truths.  For  Hy- 
*«  porhefes  are  not  to  be  regarded  in  Experimental  Philofophy  ; 
iC  and  altho'  the  arguing  from  Experiments  and  Obfervatiorrs  by 
'*  Induction  be  no  Demonflration  of  general  Concluiions ;  yet 
««  it  is  the  bell  Way  of  Arguing  which  the  Nature  of  Things 
"  admits  of,  and  may  be  looked  upon  as  fo  much  the  ftronger, 
.**  by  how  much  the  Induction  is  more  general ;  and  if  no  Ex- 
"  ceptions  occur  from  Phenomena,  the  Conclufion  may  be  pro- 
"  nounced  generally.  But  if  at  any  time  afterwards  any  Ex- 
"  ceptions  (hall  occur  from  Experiments,  it  may  then  begin  to  be 
«  pronounced  with  fuch  Exceptions  as  occur.  By  this  Way  of 
"  Analyfis  we  may  proceed  from  Compounds  to  Ingredients,  and 
M  from  Motions  to  Forces  producing  them,  and  in  general  from 
<f  Effects  to  their  Caufes,  and  from  particular  Caufes  to  more  ge- 
*<  neral  ones,  till  the  Argument  end  in  the  mod  general.  This 
««  is  the  Method  of  Analyfis ;  aud  the  Synthefis  con fifts  in  affu- 
u  ming  the  Caufes  difeovered  and  eflablimed  as  Principles,  and 
rt  by  them  explaining  the  Phenomena  proceeding  from  them, 
"  and  proving  the  Explanations  " 

This  is  the  Method  of  Philofophizing  laid  down  by  this  in- 
comparable Philofopher,  and  which  he  himfelf  has  followed  with 
fuch  amazing  Succefs ;  and  I  know  no  Method  equal  to  it,  or 
more  worthy  to  be  purfued. 

As 
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another  Animal,  than  a  Thing  is  of  making  itfelf. 
Befides,  in  the  Generation  of  an  Animal,  there 
is  a  Neceffity  that  the  Head,  Heart,  Nerves, 
Veins  and  Arteries,  fhould  all  be  formed  at  the 
fame  Time ;  which  can  never  be  done  by  the 
Motion  of  any  Fluid,  what  Way  foever  moved: 
For  the  Heart  cannot  move  unlefs  animal  Spirits 
be  fent  from  the  Head  through  the  Nerves  into 
it.  The  animal  Spirits  cannot  be  derived  into 
the  Heart,  unlefs  the  Blood  be  fqueezed  by  the 
Heart  through  the  Arteries  into  the  Brain ;  fo 

that 


As  for  Arguments  of  the  anologscal  Kind,  which  the  Doctor 
feems   to  depend  more  upon,    thejfe  I  have  alfo  made  Ufe  of ; 
tho'  it  mult   be  owned,   that  fuch  Arguments  are  vaflly  more 
fallacious.     And  indeed  I  know  no  Kind  of  Arguments  rhat  are 
more  fo,  in  the  Way  thefe  analogical  Arguments  are  commonly 
ufed  ;    for  tho'  they  are  of  great  Ufe  in  many  Cafes,  yet  if  we 
are  not  very  attentive,  and  take  great   Care  to  keep  ourfelves 
within  that  wherein  the  Analogy  confifts,  which  is  fometimes 
very  difficult,  and  which  few  fcem  to  be  follicitous  enough  about, 
they  are  apt  to  deceive  us,  and  lead  us  into  Errors  and  Miftakes: 
For  Example,   let  it   be  fuppofed,  that  the  acid   Oil  of  Vitriol 
is  found  to  be  good  in  fuch  a  Cafe;    if  from  thence  we  conclude 
that   the  Spirit   of  Nitre  or  Vinegar  may  be  ufed  in  the  like 
Cafe,  we   may  be  deceived  ;    for  dio'  the  Argument   may  be 
juftirled,  if  we  know  with  Certainty  that  the  good  Effect  of  the 
Oil  of  Vitriol  is  wholly  owing  to  the  Acidity  of  it ;  yet,  if  there 
be  fomething  eife  befides  the  Acidity  of  the  Oil  of  Vitriol  which 
produces  the  Good  we  defire  in  the  Cafe,  which  may  be  the  Fact, 
for  any  thing  we  may  know  to  the  contrary,  we  miftake  that 
for  Analogy  which  is  not,    and  iufFer  our   Underftandings  to 
be  mifguided  by  a  wrong  Suppoiirion  of  Analogy,  where  there 
is    none.      This   Inftance   is  fufHcient   to    ihew  how  fallacious 
analogical  Arguments  are,    and   what   Abufes  are  committed 
therein, 
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that  it  is  evident,  that  the  Head  and  Heart,  the 
Arteries,  Veins  and  Nerves,  mull  all  be  form- 
ed at  the  fame  Time,  and  not  fucceffively,  if 
the  Animal  is  mechanically  produced.  But  this 
is  altogether  impoflible ;  for  no  Motion  of  any 
Fluid  or  Fluids,  howfoever  difpofed,  can  form 
#11  thefe  at  the  fame  Inftant :  And  we  know  all 
the  internal  mechanical  Actions  of  Animals  are 
performed  by  the  Force  of  their  circulating 
Jluids. 

From  thefe,  and  fuch  like  Considerations,  it 
is  evident,  that  an  Animal  cannot  be  produced 
mechanically.  This  is  too  hard  a  Problem  to 
be  folved  from  fo  few  Data  as  Matter  and 
Motion ;  and  it  is  doing  Penance  to  read  the 
wretched  Accounts  of  the  wifeft  and  moil 
learned  Phyficians  and  Philofophers  on  this 
Head:  Read  but  Des  Cartes,  who  by  a  bold, 
jrot  to  lay  impious  Attempt,  was  the  firfl  fince 
Prometheus  and  Dfmocritus's  Days, 
who  endeavoured  to  make  an  Animal ;  I  fay, 
read  but. Des  Cartes,  and  you  will  fee  how 
in  every  Step  he  contradicts  the  known  Laws 
of  Motion :  And  indeed  the  Manner  after 
which  he  will  have  them  generated,  is  as 
much  above  the  Power  and  beyond  the 
Laws  of  Mechanifm,  as  the  true  and  ge- 
nuine Manner  and  Method  of  their  Produdi- 
<m  is, 

Seeing 
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Seeing  then  that  the  Formation  of  Animals 
does  not  depend  on  Mechanifm,  but  on  the 
powerful  Influence  and  Operation  of  ibme  im- 
material Caufe,  whether  of  God  himfelf,  the 
Soul  of  the  Animal,  or  of  fome  other  fub- 
ordinate  Being,  fome  vital  Principle,  plaftic 
Power,  or  Archzas,  concerns  not  the  prefent 
Queftion:  I  fay,  feeing  that  Animals  are  not 
at  firft  produced  by  Mechanifm,  but  by  fome 
a6tive  immaterial  Caufe,  why,  after  that,  fo 
great  Concern  fliould  be  fhewn  to  reduce  all  to 
mere  Mechanifm,  and  to  exclude  an  intelligent 
and  a&ive  Principle  from  having  any  Share  in 
the  Government  of  thofe  Motions  on  which 
Life  depends ;  and  why  it  fliould  be  thought 
that  thefe  Motions  fliould  never  ftand  in  need 
of  New  Inipreflions  from  fome  fuch  vital 
Principle  as  firft  fet  them  a-going,  I  cannot 
fo  eafily  conceive. 

If  it  fliould  be  faid,  that  thefe  Motions  do 
not  depend  on  Mechanifm  alone,  but  on  Me- 
chanifm joined  with  certain  adtive  Powers  or 
Forces,  imprinted  by  the  Author  of  Nature  up- 
on all  the  Bodies  of  this  Univerfe,  fuch  as  are 
the  Powers  of  Attraction  and  Repulfion,  by 
which  indeed  the  greateft  Part  of  the  Pheno- 
mena of  Nature  are  unqueftionably  produced ; 
it  is  incumbent  on  thofe  who  entertain  this  O- 
pinion,  to  explain  particularly  how  thefe  Mo- 
tions are  thus  continued  by  thefe  active  Prin- 
ciples, before  they  can  expedt  we  fliould  believe 

tjiem. 
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them.  Could  one  {Ingle  Inftance  be  brought 
of  any  Motion  that  goes  on  perpetually  in  this 
Manner,  without  {landing  in  need  of  new  Im- 
preffions  from  any  adlive  and  intelligent  Caufe, 
there  might  be  fome  more  Pretence  for  this 
Hypothefis ;  but  as  no  fiich  Inftance  is  to  be 
found,  I  fee  no  Neceffity  of  having  Recourfe 
to  fuch  a  Suppofition,  for  explaining  the  vital 
and  natural  Motions. 

§  13.  Is  knot  certain,  that  thefe Motions  are 
powerfully  influenced  by  the  Paffions  of  Fear, 
Grief,  Joy,  Rage,  <&c.  ?  And  does  not  this 
clearly  {hew  their  Dependence  on  the  Mind  ? 
The  learned  Dr.  Ckeyne  (on  the  Englifh  Ma- 
lady, p.  307.)  gives  the  Cafe  of  Colonel 
Townshend,  who,  for  fome  1  mie  before  his 
Death,  could  at  Pleafure  fupprefs  all  the  vital 
Motions,  fo  as  in  all  Refpects  to  appear  dead  ; 
and  yet  by  an  Effort,  or  fome  how,  he  could 
come  to  Life  again,  and  reflore  thefe  Mo- 
tions. The  Cafe  is  indeed  Angular,  but  not  at 
all  to  be  accounted  for,  without  allowing 
the  Mind  to  prefide  over  the  vital  Motions. 

But  this  is  not  all ;  for  in  fome  Creatures  the 
Motion  of  the  Heart  has  been  found  fo  irregular, 
as  to  give  Caufe  for  efteeming  it  altogether  arbi- 
trary in  the  common  Acceptation  of  the  Word. 
There  is  a  remarkable  Inftance  of  this  record- 
ed by  Lister,  which  I  fhall  fet  down  in  the 
Author's  own  Words :  Denique  (fays  he, 
fpeaking  of  the  Cochlea)  cor  nudatum,  et  ociilis, 

nt 
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ut  hac  fetiione  fit,  plane  objeclum,  modo  fponte 
ad  aliqiiam  mult  a  momenta,  imo  quadrantem  hor<e, 
pul fare  defiit ;  iterumque  fponte  fe  Jlrenue  et 
celeriter  movehat,  Ut  certijfimum  jit,  cordis 
motum,  in  id  genus  animalibus,  etiam  volunta- 
rium  ejfe,  et  non  men  naturalem,  ut  in  ho- 
inine  reliquifque  fanguineis  animalibus ;  fed  pro 
earum  litbitu  ad  quodvis  tempus  fijli,  aut  mo- 
veri  pojfe,  &c.  See  Lister  de  Cochleis  et 
Limacibus,  p.  38. 

All  thefe  Things  being  considered,  it  feems 
probable  to  me,  that  the  Mind  does  not  only 
prefide  over  thofe  Motions  commonly  called 
Voluntary,  but  that  it  is  alfo  conftantly  employ- 
ed in  the  Government  of  all  the  vital  and  na- 
tural Motions,  which  of  themfelves  would  foon 
flop,  were  it  not  for  the  Influence  and  Interpo- 
fition  of  this  active  Principle.  It  feems  to  me 
further,  that  thefe  Motions  in  the  Beginning  of 
Life  are  altogether  arbitrary,  in  the  common 
Acceptation  of  the  Word,  and  that  it  is  only 
from  Ufe  and  Cuftom  that  they  have  become 
fo  neceffary  as  to  make  it  impoffible  for  us,  by 
any  Effort  of  Mind,  to  hinder  them  from  go- 
ing on  in  their  ufual  Manner.  The  above  men- 
tioned Cafe  of  Colonel  Townfiend  feems  inex- 
plicable on  any  other  Hypothecs ;  but  when 
this  is  once  granted,  it  admits  of  a  mod  eafy 
Solution,  it  being  no  more  difficult  to  conceive 
how,  by  repeatedElndeavours,  we  (hould  get  the 

better 
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better  of  that  Neceffity,  whereby  the  Heart 
moves,  according  to  the  Laws  the  Mind  has 
originally  impofed  on  itfelf,  than  it  is  to  con- 
ceive how  the  Mind  can  get  the  better  of  that 
Neceffity,  whereby  our  Eyes  are  moved  uni- 
formly. 

It  is  indeed  no  eafy  Matter  to  fquint,  after 
that  the  uniform  Motions  of  our  Eyes  have 
once  been  eftabliflied  by  Habit  and  Cuftom, 
yet  we  are  taught  by  Experience,  tfrat  the 
Thing  is  not  altogether  impoffible ;  and  fee- 
ing the  Neceffity  whereby  the  vital  Motions 
go  on  in  a  conftant  uniform  Manner  is  of  the 
fame  Kind  with  that  Neceffity  whereby  our 
Eyes  continue  their  uniform  Motion,  if  the 
Mind  can  get  the  better  of  the  one,  I  fee  no 
Reafon  why  it  may  not  alfo  fometimes  get 
the  better  of  the  other,  and  for  a  Time  fup- 
prefs  all  thofe  Motions  on  which  Life  depends : 
Nor  is  it  more  furprifing  that  none  of  us  are 
now  able,  by  any  Adt  of  Volition,  to  retard, 
accelerate,  or  put  a  Stop  to  the  vital  Motions, 
than  it  is  that  we  cannot  now  give  our  Eyes 
different  Motions,  nor  move  our  Eyes  up 
or  down,  without  at  the  fame  time  moving 
our  Eye-lids. 

.  §  14.  It  is  a  common  Obfervation,  that  the 
Fcetus  in  the  Mother's  Womb  paffes  almoft 
its  whole  Time  in  an  unaflive  fleepy  State ; 
and  even  Infants  newly  come  into  the  World 

are 
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are  feldom  awake  but  when  either  Hunger 
calls  for  the  Teat,  or  fome  Pain  (the  moil 
importunate  of  all  Senfations)  or  fome  other 
violent  Impreffion  on  the  Body,  forces  the 
Mind  to  perceive  and  attend  to  it:  And  if  we 
follow  a  Child  from  its  Birth,  and  obferve  the 
Alterations  that  Time  makes,  we  fhall  find 
that  it  comes  to  be  more  and  more  awake, 
thinks  more  and  more  of  external  Objedts, 
and  atlaft  begins  to  know  the  Objects,  wrhich, 
being  moft  familiar  with  it,  have  made  lafting 
Impreffions.  If  all  this  be  duly  confidered, 
perhaps  fome  Reafon  may  be  found  for  ima- 
gining, that  in  the  Beginning  of  Life  the  Soul 
is  wholly  taken  up  in  regulating  and  governing 
the  internal  Motions,  which  are  yet  difficult, 
by  reafon  it  has  not  been  much  accuftomed  to 
them ;  and  therefore  do  require  a  clofs  and 
conftant  Application  of  Mind,  which  draws 
off  its  Attention  from  Things  external,  whence 
the  Child  niaft  appear  to  be  in  an  unaffive 
fleepy  State :  But  as  thefe  Motions  grow 
eafier,  the  Mind  by  Degrees  attends  more  and 
more  to  external  Objects,  feems  lefs  and  lefs 
fleepy  and  unactive,  till  by  Ufe  and  Cuilom 
thefe  Motions  do  in  Time  become  fo  eafy  as 
to  be  performed  without  our  Knowledge  or 
Attention,  and  that  fo  (tieceflarily  as  to  make 
it  impoffible  for  us,  by  any  Ad:  of  the  Mind,  to 
hinder  them  from  groin?  on  in  their  ufual  Man- 
Vol;  IL  E  ner; 


34.       Reflexions  on  the  Motions  of    Book  III. 

iier ;  and  then  the  Mind  being  at  full  Liberty  to 
employ  all  its  Thoughts  about  other  Matters,  the 
Creature  appears  no  longer  flecpy  and  unactive. 

It  were  eafy  to  illuftrate  and  confirm  this 
Doctrine  by  many  familiar  Examples ;  obferve 
but  Children  when  they  firft  begin  to  walk, 
and  youll  find,  that  the  whole  Mind  is  employ- 
ed in  conducting  the  Motions  necefTary  for 
their  Progreffion,  infomuch  that  if  any  thing 
fhall  divide  the  Mind,  and  draw  off-  its  At- 
tention, they  prefently  tumble  down,  by  reafon 
of  the  Difficulty  that  attends  the  Government 
of  thefe  Motions,  which  cannot  be  rightly 
conducted,  while  the  Mind  gives  Attention  to 
any  thing  elfe ;  but  when  U&  and  Cuftom 
have  once  made  thefe  Motions  eafy  and  fami- 
liar, then  they  need  but  little  Attention,  and 
allow  the  Mind  to  employ  its  molt  ferious 
and  anxious  Thoughts  about  other  Matters. 
And  what  has  been  faid  of  Walking,  is  in 
like  manner  alfo  true  of  Speaking,  Singing, 
Playing  on  muikal  Inftruments,  and  many 
other  Exercifes,  whofe  Difficulty  is  only  over- 
come by  Habit  and  Cuftom. 

Seeing  then  that  there  are  many  Actions 
that,  in  the  Beginning  require  fo  intire  and 
undivided  an  Application  of  Mind,  which 
neverthelefs  do  in  Time  become  fo  eafy  as  to 
need  but  little  Attention,  I  fee  not  why  it  may 
not  now,  after  all  that  has  been  faid  on  this 

Subject* 
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Subjedt,  .  be  allowed,  that  the  Soul,  in  the 
Beginning  of  Life,  is  wholly  taken  up  in  the 
Government  of  the  internal  Motions,  which  by 
Ufe  and  Cuftom  do  in  Time  become  fo  eafy 
as  to  be  performed  without  our  Knowledge  or 
Attention,  and  that  fa  neceffarily  as  to  make 
it  inlpoffible  for  us  to  hinder  them  from  going 
on  in  their  ufual  Manner.  But  I  am  wearied 
of  this  Subjedl,  upon  which  I  fhould  not  have 
dwelt  fo  long,  had  it  not  been  that  I  under- 
do od  that  fome  were  greatly  farprifed.  that  I 
fhould  have  fuppofed,  in  the  Medical  EJJays 
of  Edinburgh  (Vol.  hi.  p.  258.)  that  the  Mind 
may  poffikly  prefide  over  the'  vital  and  natural  as 
iv ell  as  the  animal  Motions ;  To  take  off  which 
Surprize,  and  to  fhow  that  the  Thing  is  at  lead 
poffible,  I  have  been  obliged  to  enlarge  beyond 
what  I  intended.  Let  us  now  proceed  to  the 
final  Canfes  of  this  Change  of  Conformation 
in  our  Eyes. 

§  15.  It  has  already  been  flie wn,  in  general, 
that  had  the  Eyes  continued  invariably  the 
fame,  there  could  have  been  no  diftindl  Vifion, 
but  at  one  determined  Diftance,  either  great, 
middle  or  fmall,  according  to  the  particular 
Difpofition  of  People's  Eyes :  But  that  the 
feveral  Phenomena,  arifmg  from  this  Defeat 
in  our  Eyes,  and  the  Benefits  we  receive  from 
the  Change  that  happens  in  their  Conformati- 
on,  mav  be  the  better  underftoocL  it  may  not 

bs 
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be  improper  that  I  fhould  here  briefly  explain 
the  Phenomena  that  attend  fhort  and  long 
S:ght,  to  which  the  Cafe  before  us  is 
altogether  firailar  and  analogous/  this  only 
excepted,  that  in  the  Myopia  and  Vifus  fenilis 
there  is  always  fome  Latitude  of  Sight ; 
whereas,  did  not  the  Cryftalline  change  its 
Situation,  diftinct  Vifion  would  be  confined 
to  one  determined  Diftance,  and  with  refpecl  to 
Objedts  at  a  greater  or  lefler  Diftance,  the  Eye 
would  be  myopical  or  preibytical. 

§  16.  By  Myopes,  or  People  that  are  fhort- 
lighted,  I  do  not  mean  fuch  as  have  a  fmall 
Pupil  or  turbid  Humours,  who  on  that  Account 
are  alio  fhort-fighted,  by  reafonthat  a  fufficient 
Quantity  of  Rays  do  not  pafs  to  the  Retina, 
unlefs  when  the  Objedt  is  near;  nor  do  I  mean 
fuch  as  have  a  Weakness  of  Sight,  proceeding 
from  a  certain  Degree  of  Callofity,  Paralyik, 
or  Infenfibility  in  the  Retina,  by  which  the 
Villon  is  very  faint  and  obfcure,  unlefs  when 
the  Object  is  very  bright  and  luminous,  or 
when,  became  of  its  Proximity  to  the  Eye,  it 
fends  a  greater  Number cf  Rays  to  the  Retina: 
But  by  Myopes,  I  underiland,  fuch  as  have  the 
Cornea  and  CryftaHine^  or  either  of  them, 
too  convex,  or  that  have  the  Diftance 
betwixt  the  Retina  and  Cryftalline  too  great. 
From  this  Difpofition  of  the  Eye  it  is  plain, 
that 

§  i.7- 
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§  17.  imo,  The  diftinci  Picture  of  Objedts 
at  an  ordinary  Diftance  will  fall  before  the 
Retina,  and  therefore  the  Pidture  muft  be  con- 
fufed  on  the  Retina  itfelf ;  from  which  Con- 
fufion  in  the  Pidture,  the  Vifion  will  alfo  be 
confufed  and  indiftindt.     Whence, 

2J0,  In  order  to  fee  diftindtly,  they  are  ob- 
liged to  bring  the  Gbjedt  very  nigh  to  their 
Eyes ;  -  by  which  means  the  Rays  that  are  now 
more  diverging  are  made  to  converge  and  meet 
at  the  Retina,  where  a  diftinci  Picture  will  be 
made,  from  which  the  Object  will  be  diftindt- 
ly  feen. 

Itio,  They  that  are  (hort-fighted  neve? 
look  attentively  to  thofe  that  fpeak  to  them; 
for,  by  reafon  of  this  Defedt  in  their  Sight, 
they  cannot  exadtly  obferve  the  Motion  of 
the  Eyes  of  thofe  that  fpeak,  which  contributes 
greatly  to  explain  their  Thoughts,  and  augment 
the  Force  of  their  Words ;  and  therefore  they 
are  only  attentive  to  their  Difcourfe,  without 
fixing  their  Eyes  on  any  Objedt.  Pliny 
calls  thofe  who  have  big  and  prominent  Eyes 
Hebetiores ;  but  it  is  not  to  be  fuppofed  that 
this  Bignefs  in  their  Eyes  can  any  way  impair 
their  Genius,  or  leflen  their  Vivacity:  But 
as  thofe  who  have  fuch  Eyes 'are  commonly 
fhort-fighted,  they  do  not  look  attentively 
to  thofe  that  fpeak  to  them ;  whence  they, 
may  be  thought  to  be  more  dull  and  ftupid 

than 
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than  others,  fof  we  commonly  judge  of 
People's  Attention  from  the  Difpofition  of 
their  Eyes. 

'  qto,  Short-fighted  Perfons  need  lefs  Light 
for  feeing  clearly  than  others,  and  can  eafily 
read  the  fmalleft  Print  at  the  Light  of  the 
Moon,  or  in  the  Twilight,  when  fuch  as  have 
good  Eyes  are  nrL  able  to  diftinguifh  one 
Letter  from  another: 

The  Reafon  of  this  is  plain;  for  when 
the  Object  is  near,  more  Light  enters  the 
Pupil,  and  a6ts  more  powerfully  upon  the 
Retina  than  when  it  is  at  a  greater  Diftance ; 
but  they  w^ho  are  ihort-fighted  muft>  in  order 
to  fee  diftkictly,  bring  the  Object  near  to 
their  Eyes:  Whence  the  Impreffions  made  on 
the  Retina  by  the  Rays  of  Light,  and  the 
Vifion  that  is  caufed  thereby,  will  be  ftronger 
than  in  thofe  who  cannot  fee  difti  nelly  but 
at  a  greater  Diftance.  But  befides  this,  in  the 
Myopia,  the  Pupil  is  very  large,  on  which  Ac- 
count alfo  more  Light  will  enter  the  Eye,  for 
rendering  the  Sight  clear. 

That  the  Pupil  is  large  in  myopical  Eyes, 
is  a  common  Observation  ;  nor  will  the  Reafon 
thereof  be  difficult  to  any  one  who  fliall  con- 
fider  that,  ijl,  The  natural  State  of  the  Pupil 
is  a  State  of  Dilatation,  as  is  manifeft  from 
its  being  very  large,  in  Faintings,  and  upon 
firft  waking,  as  alfo  after  Death,     2^/y,  The 

Caufe 
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Caufe  of  tlue  Contraction  of  the  Pupil  lies  in 
the  Mind,  which  wills  the  Contraction  of  its 
orbicular  Fibres,  either  when  the  Light  is  too 
ftrong,  or  when  the  Pidture  is  not  diftindt  up- 
on the  Retina.  $dly.,  When  the  Sight  is  per- 
fed:,  that  is,  when  it  is  neither  too  ftrong  or 
too  weak,  and  mere  efpecially  when  the 
Sight  is  weak,;  as  in  old  Men,  all  Objedts 
that  are  very  near  the  Eyes  will  appear  con- 
fufed ;  on  which  Account,  as  well  as  on  Ac- 
count of  the  Quantity  of  Light  that  enters 
the  Eye,*  the  Pupil  will  be  contracted : 
Whereas  in  fhort  lighted  People,  near  Objects 
appear  diftindt,  and  therefore  the  Pupil  does 
only  contract,  by  reafon  of  the  too  great 
Quantity  of  Light  that  enters  the  Eye,  which 
alfo  they  can  eafily  avoid,  by  retiring  into  a 
darker  Place,  as  every  body  commonly  does, 
when  the  Light  is  too  ftrong:  And  this  is 
one  Reafon  why  the  Pupil,  which  in  Children 
is  very  large,  does  always  continue  fo  in  thofe 
who  are  fhort-fighted,  and  who  are  not  obliged 
to  contradt  it  for  feeing  more  diftin&ly.  But 
in  the  Vifn-s  fierfeftiu,  and  efpecially  in  the 
Vifus  fenilis,  the  Pupil  muft  become  fmaller  and 
fmaller  by  Degrees ;  for  by  reafon  of  its  frequent 
Contraction  for  feeing  near  Obj  edts  more  did indt- 
ly,  the  orbicular  Fibres  fhrink,  and  become 
ihorter ;    by  which  means  the  Pupil  becomes 

narrower. 
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narrower,  jufl  as  the  Fingers  of  Work-people 
are  much  bended  from  the  frequent  Contractions 
of  the  Flexor  es  Digit  or  um. 

$to-,  Myopes  have  their  Sight  mended  by  a 
concave  hens  of  a  due  Degree  of  Concavity ; 
for  the  Refraction  being  here  too  ftrong  in 
proportion  to  the  Diftance  of  the  Retina  from 
the  Cryftalline,  this  Refradtion  will  be  dimi- 
nifhed  by  the  Interpofition  of  fuch  a  Glafs 
and  the  diftincl  Image  of  the  Objedt  will  be 
made  to  fall  upon  the  Retina. 

If  CD  (Plate  IT.  Fig.  2.)  be  a  concave 
Lens,  and  B  be  the  Focus  of  the  Rays  which 
flow  from  the  Point  A  ;  that  is,  if  the  Rays 
which  diverge  form  A,  pafs  through  the  Glafs, 
and  by  the  Refraction  which  they  fuffer  in 
their  Paffage,  proceed  in  fuch  a  Manner  as  if 
they  had  diverged  from  B  ;  and  if  the  Di- 
ftance at  which  a  purblind  Perfon  fees  diftinct- 
ly  with  his  naked  Eye  be  equal  to  the  Di- 
ftance of  B  from  the  Glafs,  fuch  a  Perfon, 
will,  by  the  Help  of  the  Glafs  CD,  be  able  to 
fee  the  Point  A  diftinctly ;  becaufe  the  Rays 
which  flow  from  A,  after  they  pafs  through 
the  Glafs,  fall  upon  his  Eye  with  the  fame  De- 
gree of  Divergence,  as  if  they  had  iflued  from 
B,  the  Point  of  diftinct  Vifion.  Hence  it 
follows,  that  if  in  the  Theorem  laid  down  by 
Writers  of  Optics  for  finding  the  Focus  of  dou- 
ble 
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ble    Concaves    expofed    'to    diverging  Rays, 

namely    Fzz • ,    wherein    F     denotes    the 

Focus,  D  the  Diftance  of  the  Point  of  Diver- 
gence, and  R  the  Radius  of  the  Concavity  % 
I  fay,  if  in  this  Theorem  we  luppofe  F  to  de- 
note the  Diftance  at  which  the  purblind  Per- 
•fon  fees  diftinctly  without  a  Glafs,  and  D  the  Di- 
fiance  at  which  he  lees  diftinctly  by  the  Help 
of  the  Glafs,    by  clearing  R,  we  /hall   have 

FD 

R~- — -;    that  is  to  fay,  the    Radius  of    the 

Concavity  of  a  double  Concave  of  equal 
Concavities,  which  enables  a  purblind  JPer- 
lbn  to  fee  an  Gbjeft  diftinftly,  when  placed 
beyond  the  Reach,  of  his  naked  Eye,  mull  be 
equal  to  a  Rectangle,  under  the  Diftance  at 
which  he  fees  diftindtly  with  his  naked  Eye, 
and  the  Diftance  at  which  it  js  required  he 
Ihould  fee  cliftinctly  by  the  Help  of  the  Glafs, 
divided  by  the  Difference  of  thole  Diftances: 
For'Inftance,  if  a  Perfon  with  his  naked  Eye 
can  read  at  the  Diftance  of  three  Inches  only, 
and  if  it  be  required  to  find  the  Radius  of  fuch 
a  Glafs  as  fliall  enable  him  to  read  at  the  ufu- 
al  Diftance  of  eighteen  Inches :  In  this  Cafe,; 
F  being  equal  to  three  Inches,  and  D  to  eight- 
teen,  their  Product  is  fifty  four;  which  being 
divided  by  their  Difference,  which  is  fifteen, 
Vol.  II,  F  gives 
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gives  three  and  f  in  the  Quotient ;  which  fhews, 
that  the  Radius  of  the  Glafs  mull  be  three 
Inches  and  three  5ths  nearly. 

Where  the  Diftance  at  which  it  is  required 
the  purblind  Perfon  fhould  fee  diftinclly  is  in- 
finite ;  or,  in  other  Words,  where  it  is  lb  great 
as   that  the  Diftance  to  which  the  Power  of 
his  naked  Eye  reaches,  bears  no  fenfible  pro- 
portion to  it,  there  D— F  becomes  equal  to  D ; 
and,  of  Courfe,  R  becomes  equal  to  F  ;  fo  that, 
in  order  to  fee  fuch  Objects  as  are  very  remote, 
purblind  Perfons   muft  make  Ufe    of  concave^ 
GlafTes,  whofe  Radii  are  equal  to  the  Diftances 
at  which  they  fee  diftindtly  with  their  unarmed 
Eyes.      But  as   all   Concave-glafTes   reprefent 
Obje&s  under  a  lefs  Angle,  they  muft  appear 
lefs  than  to  the  naked  Eye ;     which   is  what 
furprifeth  the  mod  fuch  as  are  fhort-fighted, 
and  who,  for  Want  of  Knowledge  in  Optics, 
are  pre-pofTeffed  with  the  Opinion,  that  Objects 
are   always  beft  feen  when  they  appear  lar- 
geft. 

6to,  Their  Sight  will  alfo  be  mended  by 
looking  thro'  a  fmall  Hole  fuch  as  that  made 
bv  a  Pin  in  a  Card: 

For  the  little  luminous  Pencils,  wrhich  have 
for  their  Jpex  a  Point  in  the  Objedt,  and  for 
their  Bans  the  little  Hole,  will,  by  Reafon  of 
their  Acutenefs  proceeding  from  the  Smallnefs 
of  the  Hole,  take  np  fo  fmall  a  Space  on  the 

Retina, 
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Retina,  as  to  occafion  but  little  Confufion 
in  the  Picture ;  whereas,  without  the  Interpo- 
fition  of  the  perforated  Card,  the  luminous 
Pencils  will  have  a  Bafe  as  large  as  the  Pupil 
itfelf ;  and  confequently  muft  occupy  a  much 
larger  Space  upon  the  Retina,  from  which  the 
Picture,  and  the  Vifion  thereby  occafioned, 
will  be  a  great  deal  more  confufed  than  when 
the  Object  is  viewed  thro'  the  fmall  Hole. 
And  this  is  the  Reafon  why  fhorMlghted  Peo- 
ple, to  fee  diftant  Objects  more  diftinctly,  call 
to  Affiitance  their  jEye-lids,  which  they  Unit 
fo  as  to  leave  open  only  a  very  fmall  Slit,  by 
which  the  Confufion  in  the  Picture  is  in  fome 
Meafiire  corrected,  and  the  Sight  is  made  more 
diftinct  tho'  lefs  clear.  And  it  is  from  this 
doling-  of  their  Eye-lids,  that  iliort-fight- 
ed  Perfons  were  antiently  called  Myopes. 

ymo,  Short-fighted  Perfons  commonly  be- 
come lefs  fo,  as  they  advance  in  Years,  and 
that  becaufe  the  Humours  of  the  Eye  do  daily 
wafte  and  decay;  from  which  Decay  in  the 
Humours,  the  Cornea  fhrinks,  and  becomes 
lefs  convex,  and  the  Cyyftalline  becomes  flat*- 
ter  than  before,  by  which  means  the  Rays  of 
Light  will  be  lefs  refracled,  and  will  not  meet 
fo  foon  behind  the  Cryftalline  ;  and  therefore 
the  Image  on  the  Retina,  and  the  Villon 
caufed  thereby,  will  be  more  perfect  and 
diftincl:,    and   the  Eye  will  be  enabled  to  fee 

-at 
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at  a  greater  Diftance,  than  When  the  Refracti- 
on  was  ftronger  in  the  more  plump  and  convex 
Eyes: 

Whence-  we  may  fee,  why  very  young 
Children  never  take  notice  of  any  Thing  but 
what  is  clofs  upon  their  Eyes ;  for  in  them 
the  Cornea  is  too  convex  and  prominent  to 
allow  them  to  fee  diftin&ly,  or  attend  to  Ob- 
jects at  an  ordinary  Diftance*  This  has  been 
taken  notice  of  by  Des  Cartes  ;  and  ikilful 
Painters  feem  to  be  well  acquainted  with  it, 
who  therefore,  when  they  paint  young  Child- 
ren in  Profile,  give  the  Cornea  an  uncommon 
Convexity* 

Some  very  great  Opticians  have  queftioned, 
Whether  Short-figlitednefs  grows  lefs  by  Age, 
and  feem  to  think  this  rather  an  >Hypothelis 
than  Matter  of  Fact.  (See  Smith's  Optic. 
Remarks,  Art.  61.) 

This,  I  imagine,  they  have  been  led  into 
from  their  having  obferved,  that  iliort-fighted 
People  have  continued  to  read  at  a  very  fmall 
Diftance,  even  in  old  Age:  But  as  thofe 
whofe  Sight  is  perfect,  come  to  "read  at  a 
greater  Diftance  when  old*  becanfe  of  the 
Flatnefs  of  their  Eyes,  which  always  increafes 
as  they  advance  in  Years  \  there  can  be  no 
doubt,  but  the  Eyes  of  fhort-fighted  Perfons 
mult  alio  become  flatter,  the  older  they  grow ; 
•  and 
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and  being  flatter,  they  mufl  fee  at  a  greater 
Diflance. 

Nor  is  it  any  folid  Objection  to  this,  that 
they  continue  flill  to  read  at  a  fmall  Diflance  ; 
for  thecaufe  of  Short-fightednefs  is  not  a  Want 
of  Power  to  vary  the  Conformation  of  the 
Eye,  but  that  the  Quantity  of  Refractions  is 
always  too  great  for  the-  Diflance  of  the 
Retina  from  the  Cornea ;  and  therefore,  if 
ihort-fighted  Perfons  can  read  a  fmall  Print 
diftinctly  at  two  different  Diflances,  whereof 
the  larger  is  double  the  leffer,  which  I  believe 
mofl  of  them  can  do,  fuppofe,  at  the  Diilance 
of'  2  Inches  and  4  Inches ;  this  fhort-fighted 
Perfon  will  chufe  to  read  at  the  greater  Di- 
ilance 4  Inches,  becaufe  at  any  lefTer  Di- 
flance it  is  not  fo  eafy  to  keep  the  Head 
from  fhading  and  darkening  the  Print;  and 
befides,  when  the  Book  is  near  the  Eyes,  the 
Eyes  are  more  fatigued,  becaufe  of  the-  greater 
Motion  that  is  required  to  run  over  a  Word, 
and,  becaufe  of  the  flronger  Effort  that  mufl 
be  exerted  by  the  adducent  Mufcles,  -to  keep 
the  Eyes  fixed  on  fo  near  an  Object ;  this  Per- 
fon will  therefore  hold  the  Book  at  the 
farthefl  Limits  of  diflin£t  Vifion,  which 
we  have  fuppofed  to  be  4  Inches.  But,  when 
-by  Age  his  Eyes  grow  flatter,  fo  as  to  fee 
diftinctly  at  the  Diflance  of  3  Inches  and 
6  Inches,  he  will  not  then  hold  the  Book  at 

'  the 
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the  fartheft  Limits  of  diftindt  Vifion,  viz. 
6  Inches,  but  will  ftill  continue  to  read  at 
about  his  ufual  Diftance  4  Inches ;  for  tho' 
he  can  read  diftin&ly  at  the  Diftance  of  6 
Inches,  yet  as  now  the  Pupil  is  fmaller,  and 
the  Humours  of  the  Eye  are  lefs  tranfparent 
than  before,  more  Light  will  be  required  for 
making  the  Object  appear  fufficiently  clear  and 
bright ;  and  therefore  he  will  ftill  continue  to 
read  at  about  4  Inches  Diftance,  that  the  Eye 
may  receive  more  Light  for  making  a  fufficient 
Impreffion  on  the  Retina:  And  even  tho'  he 
needed  not  more  Light,  his  having  been  ac- 
cuftomed  to  read  at  4  Inches  Diftance,  would 
influence  him  to  continue  to  read  at  that 
Diftance,  unlefs  he  found  fome  Inconveniency 
in  fo  doing;  which  is  far  from  being  the 
Cafe. 

8vo9  Small  lucid  Bodies,  when  at  a  confi- 
derable  Diftance,  appear  Great,  Round,  and 
frequently  full  of  Spots. 

For  underftanding  this,  let  H  (Plate  I. 
Fig.  3.)  be  the  Eye,  and  let  the  Candle  A 
be  the  Object,  which  is  here  fuppofed  to  be 
at  the  Diftance  of  about  60  Feet,  and.  which, 
by  reafon  of  its  Diftance,  may  be  conceived 
as  a  Point.  The  Rays  of  Light  AB,  AC,  &c. 
will,  after  Refraction,  in  this  myofical  Eye, 
converge  and  meet  it  at  a  Point  before  .the 
Retina  as .  at  0,  and  after  that  they  will  diverge 

and 
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and  form  on  the  Retina  the  large  Image  de, 
which  will  have  the  fame  Figure  with  the 
Pupil,  and  confequently  will  be  round. 

From  the  extreme  Points  of  this  Image 
d  and?,  draw,  thro'  the  Centre  of  the  Eye 
L,  the  right  Lines  JLD,  eLE;  thefe  Lines 
will  be  perpendicular  to  the  Retina,  at  the 
Points  d  ande;  and  confequently  the  Object 
A  will,  by  means  of  its  luxuriant  Pidture  on 
the  Retina  de,  be  feen  under  the  Angle  DLE. 
If  therefore  about  the  Centre  A,  with  the 
Radius  AD  or  AE,  the  Circle  ADE  be 
defcribed,  the  fmall  Objedt  A  will  be 
feen  uniformly  extended  over  all  that  Cir- 
cle, and  confequently  mufl  appear  big  and 
round. 

Whence  they  that  are  flailed  in  Optics  will 
eafily  fee,  that,  ift,  When  the  fmall  Objed  A 
is  at  a  very  great  Diftance,  the  Appearance 
will  alfo  be  very  great.  At  fixty  Feet  Di- 
ftance, a  Candle  commonly  appears  a  luminous 
Circle  of  about  a  Foot  Diameter ;  but  this  will 
be  greater  or  fmaller,  according  to  the  Degree 
of  Shortnefs  of  Sight,  and  Magnitude  of  the 
Pupil. 

hdly,  The  nearer  the  Object  is,  the  Ap- 
pearance will  be  the  lefs,  and  will  ap- 
proach the  nearer  to  the  natural  Figure  of 
the  Objefl:. 

3^y> 
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%dly,  When  two  or  more  Candles  of  une- 
qual Magnitude  are  feen  at  a  great  Diftance, 
they  will  appear  equal,  and  if  they  are  not 
far  from  one  another,  their  circular  Appear- 
ances will  cut  each  other;  thus  a  Luftre  full 
of  Candles  puts  on  the  Appearance  of  a  Globe 
of  Fire. 

4.thly,  If  the  Hand  be  gently  brought  before 
the  Eye,  before  that  any  one  of  thefe  circular 
Appearances  are  hid,  fome  Part  of  each  Circle 
will  be  made  to  difappear;  and  this  Part  that 
is  made  to  difappear  will  lie  on  the  fame  Side 
with  the  interpofed  Hand;  whereas,  in  the 
Vifus  fenilisy  it  lies  on  the  oppofite  Side,  as  will 
be  fhown  below. 

g.i'hly,  From  this  alfo  it  is  eafy  to  underftand, 
why  to  all  of  us  the  Stars  appear  larger  than 
they  ought ;  for  the  Eye  with  refpedt  to  them 
being  purblind,  they  are  feen  under  a  greater 
Angle,  and  confequently  mull  appear  greater, 
for  the  fame  Reafon  that  a  diftant  Candle 
appears  fo  to  a  My  ops  *  Whence  it  is,  that 
when  the  fixed  Stars  are  viewed  thro'  a  fmall 
Hole  made  in  a  Card,  they  feem  much  lefs 
than  when  feen  with  the  naked  Eye  ;  for  the 
Luxuriancy  of  the  Image  being  in  fome 
meafure  corrected  by  the  Smallnefs  of  the  Hole 
in  the  Card,  the  Stars  themfelves  muft  necef- 
farily  appear  fmaller:  And  this  alfo  is  one 
Reafon  why  the   Telefcope,  which  increafes 

the 
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the  Magnitude  of  all  other  Objects,  diminifhes 
that  of  the  Stars  ;  for  this  optical  Inftrument 
does  not  here  magnify  fo  much  by  increafmg 
the  Angle  under  which  they  are  feen,  as  it 
diminifhes  by  uniting  the  Rays  at  the  Retina, 
and  by  that  means  correcting  /the  Luxuriancy 
of  the  Pifture :  Nor  is  it  any  folid  Objection 
to  this,  That  the  Sun  and  Moon,  with  refpect 
to  the  Diftance  of  both  which,  no  doubt,  the 
Eye  is  alfo  myopical,  do  appear  larger  when 
feen  with  a  Telefcope  than  with  the  naked 
Eye ;  for  it  muft  be  obferved,  that  at  a  given 
Diftance,  the  Luxuriancy  in  the  Image,  pro- 
ceeding from  the  Rays  not  being  accurately 
united  at  the  Retina,  is  always  the  fame,  and 
is  not  augmented  according  to  the  Magnitude 
of  the  Objedt ;  and  therefore,  in  large  Bodies, 
fuch  as  the  Sun  and  Moon,  it  bears  but  a  very 
fmall  Proportion  to  the  true  Magnitude  of  the 
Image ;  and  confequently,  when  this  Luxurian- 
cy is  cut  off  by  the  Telefcope,  it  makes  no 
fenfible  Detraction  from  the  Magnitude  that 
arifes  from  the  Augmentation  of  the  vifual 
Angle.  And  of  the  fame  Kind  with  this  Ap- 
pearance of  the  Stars  is  alfo  the  Appearance 
of  a  diftant  Candle,  which  in  the  Night-time 
feems  larger  than  it  ought  to  molt  Eyes ;  be* 
caufe  the  Eye,  with  reipeCt  to  its  Diftance,  is 
fomewhat  purblind,  and  the  Pupil  being  then 
much  dilated,  muft  greatly  increafe  the  Luxu- 
riancy 
Vol.  IL  G 
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riancy  of  the  Picture :  But  if  this  fame  Candle 
be  viewed  in  Day-light,  or  even  if  it  be  view- 
ed by  Night  from  a  well  lighted  Room,  or  if  a 
Flafh  of  Lightning  fhould  happen  at  the  Time 
it  is  viewed,  it  will  not  appear  much  bigger 
than  it  ought,  by  reafon  of  the  Contraction  of 
the  Pupil,  which  corrects  the  Luxuriancy  of 
its  Picture  on  the  Retina. 

As  to  what  concerns  the  Spots  that  are  fo 
frequently  obferved  by  myopical  Eyes ;  thefer 
may  proceed  from  fome  little  Extravafations,. 
various  Swelling's,  or  other  Defects  in  the. 
Retina,  which,  by  intercepting  the  Rays,  will 
occafion  a  Defect  in  the  Picture,  and  by  con- 
fequeilce,  a  fimilar  and  correfponding  Defect 
Or  Spot  in  the  Object. 

Thefe  Spots  commonly  vanifh,  or  at  leafl 
become  lefs  fenfible,  when  the  Object  is 
brought  nearer  the  Eye,  and  within  the  Limits 
of  diffiinct  Vifion ;  for  the  Rays,  which  are 
now  exactly  united  upon  the  Retina,  by  being 
more  crowded,  have  their  Force  augmented ; 
by  which  means,  a  fenfible  Impreffion  is  made 
upon  the  Retina  thro'  thefe  Extravafations, 
which  are  too  thin  to  intercept  wholly  thefe 
ImprefTions,  unlefs  when  they  are  weak  and 
faint :  And  this  is  the  Reafon  whv  thefe 
Spots  are  always  molt  fenfible  to  thofe  who 
have  a  fmall  Pupil,  and  efpecially  to  thofe 
who  are  fhort  or  long;-fio;hted :    From  which 

alfo 


Chap.  IV.  the  Cryftalline.  -  jx 

alio  we -may -fee,  why,  in  a  prefby ileal  Eye, 
the  Spots,  which  were  formerly  very  fenfible, 
become  fo  faint,  when  the  Objedi  is  viewed 
thro'  a  convex  Glafs  of  a  due  Degree  of  Con- 
vexity ;  for  by  means  of  this  Glais  more  Rays 
are  made  to  enter  the  Eye,  which  being  united 
exadtly  at  its  Bottom,  muft  ftrike  the  Retina 
ftrongly  enough  for  to  make  a  fenfible  Impref- 
fion  thro*  thefe  Extravafations,  which  will 
render  the  Spots  fo  faint  and  obicure,  as  to  be 
fcarce  any  more  obfervabie.  And  what  has 
been  faid  with  refpedt  to  thefe  Spots,  when 
occasioned  by  fmall  Extravafations,  or  other 
Defedts  in  the  Retina  that  intercept  the  Rays, 
will  alfo  hold,  when  they  are  occafioned  by  a 
Callofity,  or  any  Degree  of  Paralyfis  or  Infal- 
libility in  fonie  Parts  of  the  Retina,  by  which 
the  Impulfe  or  Stroke  received  from  the  Rays 
is  made  lefs  fenfible. 

But,  befides  thefe  Defects  in  the  Retina, 
there  is  yet  another  Caufe  which  may  give 
occafion  to  thofe  Spots  both  in  the  Myopia 
and  Vijiis  Jenilis,  and  that  is  certain  fmall 
opaque  Marks  on  the  Cornea  itfelf,  or  any 
where  within  the  Eye,  which,  by  intercepting 
fome  of  the  Rays,  mud  occailon  a  Defedt  in 
the  Pidture,  from  which  Defedt  a  kind  of  dark 
Spot  will  be  feen  in  the  Object. 

Thus  in  the  Eye  of  a  Myops,  (See  ftill 
Plate  I.  Fig,  3.)  if  there  is  any  Opacity  in 
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the  Cornea,  or  within  the  Eye,  which  intercepts 
the  Rays  Bfe,  Ccd,  and  VLa,  there  will  be  a 
Defefl:  in   the  Picture  at  e9  d  and  a,    from 
which  alfo   the  external  Appearance  will  be 
deficient  at  the  correfponding  Points  E,  D  and 
A,  where,    by   confequence,    dark  Spots  will 
be  feen :    For  it  is  hear  to  be  obferved,   that 
there  is  not  one  Point  in  the  Pi&ure  that  is 
formed  by  a  Plurality  of  Rays  which  conveen 
at  that  Point,  but  every  Ray  goes  to  a  different 
Point  of  the  Pidture,  both  in  the  myopical  and 
prefbytical  Eyes  ;  and  therefore,  when  any  of 
of  the  Rays  are  intercepted,   that  Part  of  the 
Pidture  to  which  fuch  Rays  belong,  will  not 
be  illuminated,    which  muft   occafion  a  cor- 
refponding Defeat  in  the  Appearance  of  the 
Objedl ;  but  in  the  Vifus  perfeBus,  where  the 
Rays  that  come  from  the  feveral  Points  of  the 
Object  are  fo  refraded  as  to  meet  again  at  fo 
many  correfponding    Points    in   the    Retina, 
every  Point  of   the   Pifture   is  formed  by  a 
Cone  or  Pencil  of  Rays,  whofe  Bafis  is  "the 
Pupil ;  and  therefore  tho'  fome  of  thofe  Bays 
be  intercepted,  yet  no  Part  of  the  Pidure  will 
be  darkened,  and  confequently  no  Defed  will 
be  feen  in  the  Obje£t  from  any  fuch  Opacity 
in  the  Cornea  or  Humours  of  the  Eye,   unlefs 
this  Opacity  be  in  the  Back-part  of  the  vitreous 
Humour,  where  the  Pencil  is  narrow,  and  in- 
tercepts the  whole  Pencil. 

If 
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If  any  defire  an  experimental  Proof  of  this, 
let  them  repair  to  a  Camera  Obfaira ;  and  ha- 
ving made  fome  dark  Scots  in  the  Lens,  fyy 
applying  Patches,  or  any  fuch  like  fmall 
opaque  Bodies,  let  this  Giafs  be  placed  at  a 
round  Hole  made  in  the  Window-fhut  of 
the  dark  Chamber  for  refradting  the  Light 
which  comes  from  an  Object  without  Doors, 
fo  as  its  Picture  may  be  painted  on  a  Sheet  of 
white  Paper,  placed  behind  the  Lens ;  if  this 
Paper  be  at  a  due  focal  Diftance  from  the 
Lens,  no  Defedl  or  Spot  will  be  found  in  the 
Picture ',  but  if  the  Diftance  of  the  Paper  be 
greater  or  fmaller,  than  that  at  which  the  Rays 
conveen,  for  making  the  Pifture  diftinft,  as 
many  dark  Marks  will  be  feen  in  the  Pi&ure 
as  there  are  Spots  in  the  Glafs :  And  it  is  only 
from  this  Principle  tjiat  any  fatisfactory  Ac- 
count can  be  given  how  it  comes  to  pafs,  that 
when  a  fmall  opaque  Body,  that  is,  a  Body 
that  is  lefs  than  the  Pupil,  is  held  clofs  to  the 
Eye,  before  which  feveral  Candles  are  placed 
at  a  great  Diftance,-  fuppofe  60  Feet,  if  the 
Eye  attend  to  this  fmall  Gbjeft,  or,  which  is 
the  fame  thing,  if  it  endeavours  to  accommo- 
date itfelf  to  its  Diftance,  this  ObjeA  will  be 
feen  multiplied  according  to  the  Number  of 
Candles,  and  will  appear  like  a  dark  Spot  lit 
each  of  the  Candles; 

This 
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This  Phenomenon  feems  very  extraordinary 
to  fuch  as  have  no  Knowledge  in  Optics ;  but 
from  the  Principles  already  eftabliihed,  it  ad- 
mits of  a  mofl  eafy  Solution.  For  when  the 
Eyes  endeavours  to  fee  the  fmall  Object,  it 
becomes  myopical  with  refpect  to  the  Candles ; 
and  therefore  on  each  of  their  Pictures  on  the 
Retina  the  dark  Shade  of  the  interpofed  Body 
will  be  caft ;  from  which  a  correfponding  dark 
Spot  muft  be  feen  in  each  of  the  Candles: 
But  when  the  Eye  does  not  attend  to  this 
fmall  Body,  but  it  is  well  difpofed  for  feeing  the 
Candles  diftindUy,  this  interpofed  Body  will 
not  be  multiplied,  nor  will  any  dark  Mark  be 
feen  in  any  of  the  Candles,  becaufe  every 
Point  of  their  Picture  is  now  compofed  of  a 
Cone  or  Pencil  of  Rays,  which,  after  Refraction, 
are  made  to  conveen  at  that  Point;  and 
therefore,  tho'  fome  of  the  Rays  belonging 
to  each  Pencil  are  intercepted,  yet  every  Point 
of  the  Picture  will  be  fumciently,  and  indeed 
equally  illuminated  by  the  Rays  that  are  not 
intercepted ;  and  confequently  no  Defedt  or 
Obfcurity  will  be  feen  in  any  Part  of  the 
Candles,  and  the  fmall  opaque  Body  will  itfelf 
feem  perfectly  diaphanous. 

yno>  Another  Phenomenon  belonging  to 
Myopes  is,  that  they  read  and  write  very  fmall 
Characters,  by  realbn  that  the  vifual  Angle  is 
enlarged   by   the   Proximity  of  the   Objeft; 

Whence 
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Whence  alfo  it  is,  that  great  Characters  fatigue 
their  Eyes,  becaufe  of  the  Motion  that  is 
required  to  run  over  a  Word. 

i.omo9  In  reading,  they  generally  hold  the 
Book  towards  the  Side  of  their  Mead,  that  it 
maybe  fufficiently illuminated  and  not  darken- 
ed by  the  Shade  of  their  Head. 

iimo,  No  Objed  being  diftinftly  feen  but 
what  is  very  nigh,  in  order  to  fee  it  with 
both  Eyes,  their  Axes  mult  be  very  con- 
verging ;  which  Situation  of  their  Eyes  being 
painful  and  laborious,  becaufe  of  the  flroiig 
Effort  that  mull  be  exerted  by  the  adducent' 
Mufcles,  they  are  oftentimes  obliged  to  turn 
away  one  of  their  Eyes ;  whence  proceeds  a 
double  Vifion,  which  in  reading  does  frequent- 
ly oblige  them  to  {hut  one  of  their  Eyes,  that 
they  may  avoid  the  Confufion  that  is  occafion- 
ed  thereby. 

I  imo,  There  is  yet  another  Thenomenm 
which  happens  to  all  Kinds  of  Sights,  but  is 
commonly  a  great  deal  more  fenfible  to  thofe 
that  are  purblind  than  to  others,  becaufe  that 
in  them  the  Cornea  is  more  convex  and  ele- 
vated, viz.  They  fee  an  Objedl  that  they  do 
not  look  at,  and  they  do  not  fee  this  fame 
Objecft  when  their  Eyes  are  turned  towards 
it. 

This  feems  a  Paradox  in  Optics,  but  it  is 
agreeable  to  Experience :    for  having  applied 

to 
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to  the  Side  of  the  Head  any  thin  black  Body, 
fuch  as  the  Brim  of  a  Hat,  ib  as  it  may  abfcond 
the  Objedls  that  are  upon  that  Side  ;  without 
moving  the  Eye,  turn  the  Head  with  the  black 
Body  that  is  fixed  to  its  Side,  till  you  fhall 
perceive  a  certain  fmall  white  Objedt  placed 
upon  a  black  or  brown  Ground ;  then  keep- 
ing the  Head  fixed  in  this  Situation,  let  the 
Eye  be  directed  to  the  Object,  and  it  will 
yanifh. 

This  Experiment  is  apt  to  furprife  at  firft; 
but  it  is  very  eafy  to  account  for  it  from  the 
Conformation  of  the  Eye:  For  If  AIK 
(Plate  I.  Fig.  4.)  be  the  Eye,  BL  the 
black  Body  placed  near  to  the  Eye,  and  if  O 
be  the  white  Objed: ;  the  Pupil  fc  being  turn- 
ed towards  M,  the  Rays  which  come  from 
the  Objed:  O,  in  parting  by  the  black  Body 
BL,  will  fall  obliquely  upon  the  Cornea  at  A, 
and  will  be  refracted  by  the  aqueous  Humour, 
fo  as  to  pafs  through  the  Pupil  fc,  and  con- 
fequently  will  fall  upon  fome  Part  of  the  Re- 
tina \  by  which  means  the  Objeft  O  will  be 
feen,  tho'  the  Eye  is  not  directed  to  it :  But 
if,  without  moving  the  Head,  the  Eye  be 
turned  towards  O,  it  muft  move  nearly  upon 
its  Centre  H,  from  which  the  Cornea  and  Pu- 
pil will  get  the  Pofition  given  them  in  the  Fi- 
gure ;  and  therefore,  tho'  even  in  this  Pofiti- 
on of  the  Eye,  the  Rays  that  come  from  O, 

and 


Chap.  IV.  the  Cqftalline.  57 

and  that  pafs  over  the  Extremity  of  the  Ob- 
ftacle  at  B,  lhould  be  fuppofed  to  fall  upon  the 
Comeay  yet  byreafon  of  the  Obliquity  of  their 
Incidence,  they  can  never  be  fo  refracted  as  to 
enter  the  Pupil  ED,  but  muft  be  loft  upon, 
the  Uvea  ;  from  whence  it  is  evident,  that  the 
Object  O  will  not  be  feen  when  the  Eye  is  di- 
rected to  it. 

§18.  I  have  done  with  the  Short-fight, 
and  fhall  now  fhortly  explain  the  Phenomena 
that  belong  to  the  weak  or  prefbytical 
Sight. 

Prejbyta,  or  weak-lighted  People,  are  fuch  as 
have  the  Cornea  and  Crystalline,  or  either  of 
them,  too  flat,  in  proportion  to  the  Diftance 
betwixt  the  Cryftailiiie  and  Retina:  From 
which  Fault  in  the  Conformation  of  their  Eyes, 
it  clearly  follows,  that, 

imo,  The  Rays  of  Light  that  come  from 
the  feveral  Points  of  an  Object  at  an  ordinary 
Diftance,  will  not  be  fufficiently  refracted,  and 
for  want  of  fufficient  Refradion  will  not  meet 
at  the  Retina,  but  beyond  it ;  and  therefore 
the  Pidure  on  the  Retina,  and  the  Vifion 
caufed  thereby,  will  be  imperfect  and  indiftind, 
more  or  lefs,  as  the  Objed  is  nearer  or  far  J:er 
off.     Whence, 

zdo,  In  order  to  read,  they  muft  remove  the 
Book  to  the  Diftance  of  two  or  three  Feet ; 

Vol.  II.  H  whereas 


58       ReflecJidns  on  the  Motions  of     Book  III. 

whereas  in  their  Youth  they  ufed  to  read  at 
one  Foot  Diflance.     But, 

3;/£,  As  the  Picture  on  the  Retina,  and  the 
vifual  Angle  under  which  the  Object  is  feen,  are 
.then  leffened,  and  that  in  proportion  as  the 
^Diftance  of  the  Object  is  increafed ;  it  is  evi- 
dent, that  fmall  Objects  will  not  be  feen  well, 
even  when  their  Diftance  is  fach  as  is  heceffary 
for  making  their  Picture  on  the  Retina  diftinct. 
Whence  it  is,  that  fometimes  they  cannot  read 
at  all,  efpecially  if  the  Charadters  be  fmall, 
without  the  Afliftance  of  Spectacles;  which 
are  (till  the  more  necefTary,  becaufe  that  wheii 
the  Object  is  at  a  Diftance,  lefs  Light  enters 
the  Eye,  and  consequently  the  picture,  and  the 
•Impreffion  made  on  the  Retina  thereby  will  be 
fainter. 

But  for  a  fuller  Explication  of  this  Point,  and 
to  fhow  how  fmall  Objects  may  become  invi- 
sible to  the  naked  Eye,  even  when  their  Picture 
is  diftinct  upon  the  Retina,  it  mull  be  obferved 
that  there  is  a  Minimum  Vifibile,  and  that  all 
Objects,  however  fmall,  if  at  all  feen,  are 
feen  of  that  Bi griefs.  For  the  Retina  being 
compofed  of  fmall  Fibres,  not  unlike  a  Piece 
cf  Plufh,  with  the  Ends  of  the  Threads  turned 
towards  the  CryftaUinc,  all  the  other  ends  of 
them  being  terminated  in  the  Brain,  there  can 
be  no  more  diftinct  Seniations  than  there  are 
diftinct  Threads  to  convey  the  Impreffion  on 

them, 


Chap.  IV.  the  Cryjlallme.  59 

them,  and  the  Eye  will  be  incapable  of  diftin- 
c-uifhincr  the  Paris  of  any  Pi&ure  that  is  no  bio;- 
ger  than  one  of  thele  Figures  compofing  the 
Retina;  fo  that  if  any  Object  be  fo  far  removed 
from  the  Eye,  as  to  make  the  Picture  of  it  on 
the  Retina  iefs  than  one  fingle  Fibre,  that  Ob- 
ject becomes  inviiible,  if  it  be  but  of  a  dull 
Radiation,  becaufe  of  the  Weaknefs  of  the  Im- 
predion  made  on  the  Fibre ;  but  if  it  be  of  a 
very  bright  and  powerful  Radiation,  the  whole 
Filament  is  moved,  by  having  one  Part  of  it 
powerfully  acted  on  ;  and  therefore  the  Sehfa- 
tion  is  the  fame  as  if  the  Object  were  much 
bigger,  and  did  take  up  or  cover  the  whole 
End  of  the  Filament:  And  this  to  me  feems 
to  be  the  Reafon  why  the  Stars  appear  all 
of  the  fame  Bignefs,  and  why  even  to  the 
naked  Eye  they  appear  many  thoufand  times 
bigger  than  they  really  are,  and  e  en  as  big 
as  through  a  long  Telefcope,  which  would 
not  be,  if  our  Sight  were  fafficiently  fine  and 
nice. 

I  have  faid,  that  when  a'n  Object  is  fo  far 
removed  from  the  Eye,  as  to  make  die  Picture 
of  it  on  the  Keiwa  Ids  than  one  fingle  Fibre, 
that  Object  becomes  invifible,  if  it  be  of  a 
dull  Radiation,  by  reafon  of  the  Weaknefs  of 
the  Impreffion:  For  the  Strength  ofthelm- 
preffion,  when  the  Picture  covers  the  whole 
End  of   the   Fibre,    will   be  to  its  Strength, 

wheii 
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when  it  only  covers  a  Part  of  it,  as  the 
Magnitude  of  the  whole  Fibre  is  to  the  Magni- 
tude of  that  Part  of  it  that  is  taken  up  by 
the  Picture. 

But  there  is  yet  another  Reafon,  why  an 
Object  is  not  feen,  when  its  Pifture  is  lefs  than 
one  fingle  Fibre,  and  that  is,  that  this  fame 
Fibre  does  not  only  receive  an  Impreffion  from 
this  Objeft,  but  it  does  alfo  receive  an  Impref- 
fion  from  the  extreme  Parts  of  the  contiguous 
Objects  by  which  it  is  terminated  ;  which,  if 
they  be  of  a  bright  Radiation,  muft  prevail 
over  the  other  Impreffion,  and,  by  their  Pre- 
valence, render  the  Objeft  itfelf  invifible : 

Thus,  if  one  of  the  Fibres  compofing  the 
Retina  be  fuppofed  as  big  as  ao  {Fig.  5. 
Plate  I.)  the  fmall  Object  I E  will,  on  the 
Retina,  make  a  Picture  betwixt  i  and  e,  and. 
the  contiguous  Objects  OI  and  AE  will  on  the 
fame  Fibre  ao,  form  a  Pifture  at  61,  and  ae, 
which  being  white,  will  aft  more  powerfully 
en  the  Fibre  ad,  than  does  the  Pifture  of  the 
fmall  black  Object  IE ;  and  confequently  this 
fame  Object  IE  muft  become  invifible,  and 
the  more  bright  and  luminous  Bodies  OI  and 
AE  muft  airoear  extended  over  all  the  Space 
OIEA. 

The  learned  Dr.  Hook,  by  an  eafy 
Experiment,  found  the  Minimum  Vifibile  in 
moil  Eyes  to   be    comprehended  within    an 

Angle 
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Angle  of  one  Minute,  (See  his  pofthumous 
Works,  -p.  1 1.  and  97.  Whence  it  is,  that 
whatever  is  feen,  is  feen  of  that  Bignefs,  or 
under  that  Angle  :  Thus  every  Star  that  the 
Eye  difcovers  appears  to  be  of  the  Bignefs  of  a 
Minute  at  leaft,  and  fo  it  is  conceived  really 
to  be;  tho'  yet  when  we  come  to  examine  its 
Diameter  by  the  Help  of  a  Telefcope  we  real- 
ly find  it  to  be  but  fome  few  Seconds,  or  60th 
Parts  of  fuch  an  Angle:  and  this  alfo  is  the 
Reafon  why,  if  there  be  two,  three,  or  an 
hundered  fmall  Stars  fo  near  together,  as  that 
they  are  all  comprifed  within  the  Angle  of  one 
Minute,  the  Eye  has  a  Senfation  of  them  all 
as  if  they  were  one  Star,  and  diftinguifhes  them 
not  one  from  another;  becaufe  all  their 
Pi&ures,  falling  upon  the  fame  nervous  Fibre, 
make  but  one  Impredlon  on  the  Smforium  ; 
which  being  ftrong  and  powerful,  prevails  over, 
and  deftroys  the  more  faint  and  languid  Im- 
preffions  made  by  the  Pi&ure  of  the  Interval 
that  is  betwixt  them  :  And  the  Cafe  is  exactly 
the  fame  when  an  old  Man  removes  the  Book 
to  a  very  great  Diftance  from  his  Eyes ; 
for  if  the  black  Lines  forming  the  Letters  are 
feen  under  a  lefs  Angle  than  a  Minute,  they 
will  be  wholly  obliterated  by  the  more  power- 
fill  Impreffions  of  the  White  Paper  that  ter- 
minates them. 

And 
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And  here,  by  the  way,  it  may  not  be  im- 
proper to  obferve,  that  this  Experiment  of 
Dr.  Hook  ferving  to  determine  the  Minimum 
Vifibile,  affords  us  a  pretty  certain  Proof  of  the 
Magnitude  of  our  nervous  Fibres:  For  if  ao 
(See  (till  Fig.  5.  Plate  I.)  be  the  End  of 
one  fmgie  Fibre,  the  fmall  Object  IE,  which 
is  here  fuppofed  to  be  bright  and  luminous, 
will,  by  Means  of  its  Picture  on  the  Retina  ie, 
move  the  whole  Fibre,  and  the  Appearance  of 
the  Objecl:  will  be  the  fame  as  if  its  Picture 
were  extended  over  the  whole  End  of  the 
Fibre  ao ;  and  therefore,  if  from  the  extreme 
Points  of  the  Fibre  a  and  0,  the  right  Lines 
ax Ay  oxO  are  drawn  thro'  the  Centre  of  the 
Eye  ec,  thefe  Lines  will  be  perpendicular  to  the 
Retina  at  the  Points  a  and  0,  and  confequently 
the  fmall  Objecl:  IE  will  be  feen  under  the 
Angle  Ox  A.-,  which  Angle  being  given,  the 
Angle  oxa,  which  is  equal  to  it(both  being 
Angles  at  the  Vertex  x)  will  alfo  be  known, 
from  which  the  Diameter  of  the  nervous  Fibre 
ao  may  eafily  be  found. 

Thus,  if  the  Angle  Oxh  be  one  Minute, 
as  Dr.  Flo  ok  found  it  in  moft  Eyes,  tho' 
there  was  fome  that  could  fee  to  the  third  of  a 
Minute,  the  Angle  oxa  will  alfo  be  one  Mi- 
nute, which  is  the  6cth  Part  of  a  Degree,  or 
the  21,600  Part  of  a  Circle:  Whence  if  the 
Eye  be  fuppofed  to  be  one  Inch  Diameter,  or 

three 
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three  Inches  in  Circumference,  the  Diameter 
of  the  nervous  Fibre  ao  will  be  the  21,600 
Part  of  three  Inches,  or  the  7200  Part  of  one 
Inch,  which  is  the  600  Part  of  a  Line ;  and 
if  ten  Hair-breadths  make  a  Line,  \vhich  is 
pretty  near  the  Truth,  its  Diameter  will  not 
exceed  the  60  Part  of  the  Diameter  of  a  Hair: 
Whence  the  nervous  Fibres  themfelves  will  be 
no  bigger  than  the  3,666' Part  of  an  ordinary 
Hair.  And  if  it  be  fuppofed  that  one  can 
fee  under  an  Angle  that  is  no  bigger  than  the 
third  of  a  Minute,  as  Dr.  Hook  found  that 
fome  could  do,  then  the  Bignefs  of  the  nervous 
Fibres  compofmg  the  Retina  will  not  exceed 
the  3  2,400  Part  of  an  ordinary  Hair,  which  is  a 
furprizing  and  almoft  inconceivable  Smallnefs  \ 
and  the  more  fo,  becaufe  each  of  thefe  Fibres 
are  fuppofed  hollow  Canals  or  Tubes  in  which 
the  Spirits 'flow.  How  fine  and  fubtile  muft 
then  the  Spirits  themfelves  be  ? 

But  this  is  not  all ;  for  if  Birds  can  fee  di- 
ftant  Objects  as  well  as  Man,  which  feems 
very  probable,  becaufe  of  the  Facility  which 
they  have  in  returning  to  Places  at  a  great 
Diftance  .from  which  they  had  gone,  and  e- 
fpecially  becaufe  Birds  of  Prey  are  obferved 
to  perceive  very  fmall  Animals  at  a  great  Di- 
ftance ;  I  fay,  fuppofmg  that  Birds  fee  Objects 
at  a  Diftance  as  wrell  as  we  do,  it  is  neceilary 
that   the  Fibres  which    compofe   their  optic 

Nerves 
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Nerves  and  Retina  be  much  more  fine  and 
delicate  than  in  Men :  For,  fince  their  Eyes  are 
fmallerthan  ours,  the  Image  ofObje&s  on  the 
Retina  will  alfo  be  fmaller: 

Whence  it  is  manifeft,  that  a  fimilar  Con- 
formation of  the  Humours  is  not  alone  fuffici- 
cnt  to  make  an'  equal  Perfection  in  the  Sight  ? 
For  Inftance,  an  Eye  of  two  Lines  Diameter, 
(than  which  there  are  many  fmaller)  which 
has  the  Humours  of  a  fimilar  or  like  Figure  to 
thofe  of  a  Human  Eye,  whofe  Diameter  is  an 
Inch,  can  never  fee  Objefts  at  a  great  Di- 
ftance  as  diftinffiy  as  we  do,  unlefs  the  Organ 
of  Sight,  on  which  the  Pi&ures  of  Obje&s  are 
received,  be  36  times  finer  and  more  fenfible 
than  it  is  in  our  Eyes :  For  the  Picture  of  the 
Objed:  will  be  36  times  fmaller  in  their  fmall 
Eye  than  in  ours,  the  Surfaces  of  the  Globes 
of  then  Eyes  being  to  one  another  as  1  is  to 
36.  And  therefore,  if  the  nervous  Fibres  of 
our  Retina  do  not  exceed  the  32,400  Part  of 
a  Hair ;  in  Animals,  whofe  Eyes  are  only  two 
Lines  in  Diameter,  they  will  be  no  bigger  than 
the  1 , 1 66,400  Part  of  an  ordinary  Hair,  which 
is  truly  a  prodigioufly  furprifing  and  almoft 
incredible  Smallnefs ;  and  yet  upon  Calculati- 
on, it  is  as  certain  as  any  Propofition  in 
Euclid,  that  they  can  be  no  bigger, 
if  we  allow    them    to  fee  Objedts  at  a  Di- 
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ftance  as  diftindtly  as  Men  do.  But  I  muft 
go  forward. 

qto9  They  who  are  long-fighted  require  more 
Light  than  others  for  enabling  them  to  read  ; 
for  being;  obliged  to  remove  the  Book  to  a 
confiderable  Dillance,  that  the  Rays  which 
come  from  the  ieveral  Points  of  the  Objedl 
may  meet  again  in  lb  many  correfpondent 
Points  on  the  Retina,  without  which  there  can 
be  no  diftindt  Vifion,  lefs  Light  will  enter  the 
Eye,  and  the  Impreffion  made  thereby  on  the 
Retina  will  be  too  faint,  unlefs  the  Objeft  be 
more  ftrongly  illuminated,  than  what  is  ne- 
ceffary  either  in  the  fhort  or  perfedt  Sight ;  in 
both  which,  the  Proximity  of  the  Ghjedt  does 
in  fome'Meafure  recompenfe  its  Obfcurity. 
Add  to  this,  that  in  the  prefbytical  Eye  the 
Pupil  is  always  fmaller,  on  which  Account  alio 
more  Light  will  be  required  for  making  a  fuf* 
ficient  Impreffion  on  the  Retina.  And  this  is 
the  Reafon  why, 

5 to,  The  prefbytical  Eye  receives  greater  Be- 
nefit from  the  Ule  of  a  convex  Lens,  than  the 
Eye  of  a  My  ops  does  from  one  that  is  con- 
cave :  For  the  Property  of  fuch  Gaffes  being 
to  collect  the  Rays,  more  of  them  will  be  made 
to  enter  the  Pupil;  and  as  in  fuch  Eyes  the 
Refraction  is  too  weak,  the  Rays  which  flow 
from  a  Point  at  an  ordinary  Diftance,  and 
which,  for  want  of  fufficient  Refraftion,   do 
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not  concur  at  the  Retina,  but  at  fome  Place 
beyond  it,  will,  by  means  of  this  Glafs,  be  made 
to  meet  at  the  Retina:  Whence  they  that  are 
long-lighted  mufl  receive  a  double  Advantage 
from  convex  Glaffes ;  for  by  them  the  Pidture 
is  not  only  diftindt  upon  the  Retina,  but  is  alfo 
as  ftrong  and  lively  as  if  the  Pupil  had  been 
much  larger. 

To  determine  the  proper  Convexity  of 
Spectacles  for  the  Ufe  of  old  Men ;  Let  CD 
(Plate  I.  Fig.  6.)  be  a  convex  Lens  or 
Spe£tacle-Glafs,  A  the  Focus  of  the  Rays  which,' 
diverge  from  B,  that  is  to  fay,  the  Rays  which 
diverge  from  B  and  pals  thro'  the  Lens,  do 
afterwards  proceed  in  fuch  a  Manner  as  if  they 
had  diverged  from  A,  and  let  the  Dillance  at 
which  an  old  Man  can  fee  dillin&ly  with  his 
naked  Eye,  be  equal  to  the  Dillance  of  A 
from  the  Glafs ;  this  Man  will  be  able,  by  the 
Affiftance  of  the  Glafs,  to  fee  the  nearer  Point 
B  diftindily;  becaule  the  Rays  which  iffue 
from  that  Point  in  palling  thro'  the  Glafs  acquire 
the  fame  Degree  of  Divergence  with  thofe 
v  icn  fk  w  from  A  the  Point  of  diltind:  Vi- 
fion,  and  of  confequence  may  as  eafily  be 
brought  together  on  the  Retina  by  the  re- 
fractive Power  of  the  Eye ;  hence  if  wre  take 
the  Theorem  demonftrated  by  the  Writers  of 
Dioptria  it  r  finding  the  Foci  of  double  Con- 
vexes  of  equal  Convexities,  and  fit  it  to  the  Cafe 

before 
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before  us,  where  the  Focus  is  imaginary,  wefhall 

RD 

have  F  —  rrr?  W  which  F  expreffes  the  F^or, 

D  the  Diftance  of  the  Point  of  Divergence, 
R  the  Radius  of  the  Convexity ;  if  then  we 
fuppofe  F  to  denote  the  Diftance  at  which  art 
old  Eye  fees  diftinctly,  and  D  the  nearer  Di- 
ftance at  which  it  is  required  to  make  it  fee 
diftinflly  with  the  Ailiftance  of  a  Glafs,  by 

F  D 

clearing  R,  we  fhall  find  it  equal  to  -—  ;    fo 

that  the  Radius  of  fuch  a  double  Convex  of 
equal  Convexities  as  enables  an  old  Man  to 
fee  nigh  Objedts  diftintfrly,  muft  be  equal  to  a 
Keftangle  under  the  Diftance  at  which  he  fees 
diftindly  with  his  naked  Eye,  and  the  Diftance 
at  which  he  is  to  fee,  by  the  Help  of  the 
Glafs,  divided  by  the  Difference  of  thofe  Di- 
f  ances. 

To  illuftrate  this  by  an  Example ;  fuppofe 
an  old  Man  cannot  with  his  naked  Eye  read 
at  a  lefs  Diftance  than  four  Feet,  and  it  is  re- 
quired to  affign  the  Radius  of  Spectacles  whiclj 
lhall  enable  him  to  read  at  the  Diftance  of  a 
Foot  and  a  Half ;  in  this  Cafe  F  is  a  Feet  and 
D  is  ii  Foot,  and  their  Product  is  fix,  which, 
when  divided  by  their  Difference,  to  wit,  two 
and  an  Half,  gives  2-^  in  the  Quotient ;  which 
fhews  that  the  Spectacles  muft  be  ground  to  a 
Radius  of  two  Feet  and  four  tenths. 

if 
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If  F  be  infinite,  which  is  the  Cafe  where  the 
Eye  can  Tee  nothing  but  what  is  extremely 
remote,  then  F — D  is  equal  to  F,  and  of  Oon- 
fequence  R  is  equal  to  D;  fo  that,  where  an 
old  Man  can  fee  no  Objects  diftinctiy  but  fuch 
as  are  very  far  off,  in  order  to  fee  diftinctiy 
at  nearer  Diftances,  lie  muft  for  each  Diftance 
ufe  fuch  Spectacle-glaiTes  as  have  their  Radii 
equal  to  the  Diftance. 

If  D  be  given,  then  R  becomes  equal  to 

F 

— -  ;    and,  forafmuch  as  the  Proportion  of  F 

to  F — i  increafes  as  F  leflens,  R  muft  do  fo 
too ;  which  fhews  that  where  the  Diftances  at 
which  two  old  Eyes,  when  unarmed,  can  fee 
diftinctiy,  are  different ;  in  order  to  make  them 
fee  diftinctiy  at  any  leffer  given  Diftance,  the 
Eye  which  can  fee  at  the  fmaller  Diftance, 
muft  be  furnifhed  with  a  Glafs  of  a  greater 
Radius 'than  the  other.  And  herein  lies  the 
whole  Secret  of  younger  and  older  Spectacles, 
thofe  being  deemed  the' youngeft  which  are 
ground  to  the  lar^eft  Radius,  and  which  of 
Confequence  are  the  lefs  convex.  But  I  muft 
proceed. 

6to,  Longsighted  People  fee  more  diftinctiy 
through  a  fmall  Hole,  fuch  as  that  made  by  a 
Pin  in  a  Card  :  For  by  this  Hole  the  Picture 
will  be  rendered  more  diftinct  upon  the  Retina, 

and 
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and  that  for.  the  fame  Reafon  that  has  been 
given,  why  in  a  My  ops  the  Sight  is  mended,  by 
looking  through  a  fmall  Hole  :  But  as  part  of 
the  Light  is  intercepted  by  the  Card,  and  as 
long-fighted  People  require  more  Light  than 
others  for  rendering  their  Sight  equally  clear, 
they  will  not  reap  fo  much  Advantage  from 
the  Interpofition  of  the  perforated  Card  as  thofe 
who  are  fhort-fighted,  and  who,  by  reafon  of 
the  Proximity  of  the  Object,  can  eafily  read  in 
the  Twilight,  when  fuch  as  have  not  that. 
Defecft  in  their  Eyes  cannot  diftinguifh  one 
Letter  from  another. 

jmo,  They  who  are  long-fighted  common- 
ly become  more  fo  as  they  advance  in  Years ; 
for  the  Cornea  and  Cryftalline  become  flatter 
and  flatter  continually,  becaufe  of  the  daily 
Wafte  and  Decay  that  happens  in  the  Humours 
of  the  Eye ;  whence  at  laft  they  cannot  fee 
at  all  without  the  Afllftance  of  Spe6tacl.es, 
which  fupply  the .  Refraction  that  is  wanting 
in'  the  Eye,  by  rendering  the  Rays  con- 
verging, which  can  never  be  done  by  the  alone 
Pofition  of  the  Object  from  which  they  pro- 
ceed :  For  if  it  is  near,  they  enter  the  Eye 
diverging ;  and  if  it  is  far  off,  they  enter  near- 
ly parallel, 

But,  tho'  the  prefbytical  Eye  does  common ty 
become  more  and  more  fo  by  Degrees ;  yet 
fome  have  been  found  who  at  laft  recover  their 

Sight 
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Sight  again,  and  have  no  farther  Occafion 
for  their  Glades  to  enable  them  to  read. 
There  are  many  Caufes  which  may  produce 
this  Effect,  but  to  me  it  feems  probable  that 
it  fhould  chiefly  arife  from  a  Decay  of  the  Fat 
in  the  Bottom  of  the  Orbit  ;  whence  the 
Eye,  for  want  of  the  ufual  Preffure  at  its 
Fund,  is,  by  the  Preffure  of  the  Mufcles  and 
Fat  towards  the  Sides  of  the  Eye,  reduced  to 
ait  oblong  Figure,  by  which  the  Retina  is 
removed  to  a  due  focal  Diftance  from  the 
C  ryftalline. 

From  this  it  is  eafy  to  fee,  how,  from  a 
contrary  Caufe,  the  Sight,  which  was  perfect 
till  about  the  20th  or  25th  Year  of  their 
Age,  does  in  fome  for  a  certain  Time  be- 
come more  and  more  myopical  by  Degrees: 
For  if  at  this  Time  the  Mufcles  of  the  Eye  be- 
come bigger  and  more  flefhy  than  before,  or 
if  the  Fat  fhould  be  collected  in  greater  Plen- 
ty towards  the  Side  of  the  Eye,  the  Eye 
will,  byReafon  of  the  Preffure  on  its  Sides,  be 
reduced  to  an  oblong  Figpre,  and  the  Retina 
will  be  pufhed  back  to  too  great  a  Diftance 
from  the  Cryftalline,  which  obliges  them  to 
bring  the  Object  they  would  fee  diftinctly 
nearer  to  their  Eyes,  that  its  Picture  may  be 
diftinct  upon  the  Retina;  whereas,  before 
that,  they  ufed  to  read  at  an  ordinary  Di- 
ftance. 
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8vo,  In  the  prefbytical  or  weak  Sight,  as 
well  as  in  that  which  is  perfect,  the  Eye  is 
more  fenfibly  affected,  and  fuffers  more  by 
great  Light  than  when  the  Sight  is  myopical, 
with  the  fame  opening  of  the  Pupil ;  for  the 
luminous  Bodies  that  furround  us,  and  which 
are  not  veiy  near  us,  fend  Rays  into  the  Eye, 
which  in  the  Vifns  ferfeBus  are  brought  toge- 
ther, and  united  upon  the  Retina,  and  make 
but  a  very  fmall  Bafe  in  the  prefbytical  Eye; 
whence  the  Impreffion  made  on  the  Retina. 
will  be  ftrong  and  lively  in  both  thefe  Eyes, 
and  muft  therein  caufe  fome  Pain  or  Uneafinefs, 
which  does  not  happen  in  the  myopical  Sight, 
becaufe  thefe  fame  Rays  make  a  larger  Bafe 
on  the  Retina ;  for  all  things  being  equal,  the 
myopical  Eye  always  fees  Objects  more  confu- 
fedly  than  does  either  the  perfect  or  prefby- 
tical Eye,  and  this  Confufion  is  caufed  by  the 
Space  which  the  Rays  that  come  from  each 
Point  of  the  Object  occupy  on  the  Fund  of 
the  Eye.  And  this  by  the  by  is  another  Rea- 
fon  why  the  Pupil,  which  in  Children  is  very 
large,  continues  more  fo  in  thofe  who  are  fhort- 
fighted  than  in  thofe  whofe  Sight  is  either 
perfect  or  weak,  and  who,  by  Reafon  of  the 
too  ftrong  Impreffion  made  upon  the  Retina, 
by  bright  and  luminous  Objects,  are  obliged  to 
contract  the  Pupil,  for  keeping  out  a  Part  of 
the  Light. 
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•t)no9  To  a  prefbytical  Eye,  fmall  lucid  Ob- 
jects, fuch  as  a  lighted  Candle,  or  a  fmall  Hole 
of  a  Line  or  two  Diameter,  which  is  luminous, 
becaufe  of  the  Light  which  paffes  it,  appear 
big  and  round ;  and  if  the  Rays  on  either 
Side  of  the  Pupil  be  intercepted  by  the  Inter- 
pofition  of  any  opaque  Body,  the  oppofite  Side 
of  the  Appearance  will  be  hid,  and  the  o- 
paque  Body  itfelf  will  appear  as  if  it  were 
on  the  contrary  Side  to  that  where  it  really 
is. 

This  Thznomenon  will,  no  doubt,  feem  very 
extraordinary  to  fome ;  for  fince  we  always 
judge  that  Objects  are  in  a  contrary  Pofition 
to  that  of  their  Pictures  on  the  Retina,  in 
the  prefent  Cafe  it  would  feem  that  the  Order 
of  Nature  is  inverted  ;  for  by  this  Experiment 
we  ought  to  conclude,  that  the  Obiedt  forms 
its  Picture  on  that  Side  of  the  Retina  on 
which  it  is,  which  is  altogether  contrary  to 
all  the  Laws  of  Optics,  and  to  all  our  other 
Experiences. 

For  explaining  this  Phenomenon,  (See  Fig.  7. 
Plate  I.)  where  the  Candle  A  is  the  fmall 
luminous  Object,  BCde  the  Eye,  and  a  the 
Point  of  Concourfe,  where  the  F.ays  AB, 
AC,  <&c.  that  come  from  the  Point  A,  are 
united  behind  the  Retina;  thcfe  Rays  being 
cut  by  the  Retina  before  their  Re-union,  will 
thereon  form  the  large  Image  ed7  which,  by 
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Reafon  of  the  round  Figure  of  the  Pupil  will 
alfo  be  round,  whence  the  Candle  itfelf  will 
likewife  appear  round,  and  of  a  Bignefs 
anfwerable  to  the  Bignefs  of  its  luxuriant 
Image ;  for  by  means  of  the  Impreffion  at  e, 
it  will  be  feen  at  E  in  the  right  Line  exE, 
which  being  drawn  thro'  the  Centre  of  the 
Eye  x9  is  perpendicular  to  the  Retina  at 
the  Point  e ;  and  by  means  of  the  Impreffion 
at  d9  it  will  be  feen  at  D  in  the  right  Line 
dxD ;  which  being  drawn  thro'  the  Centre  of 
the  Eye  a;,  is  alfo  perpendicular  to  the  Retina 
at  the  Point  d9  and  by  means  of  the  other 
Imprcffions  made  by  the  other  Rays  forming 
the  circular  Picture  ed9  it  will  be  feen  in  the 
other  Points  of  the  Circle  AED  defcribed 
about  the  Centre  A,  with  the  Radius  AD  or 
AE,  and  confequently  will  appear  big  and 
round:  And  if,  by  the  Interpolation  of  the 
opaque  Body  F,  the  Ray  AC  be  intercepted, 
there  will  be  a  Defect  in  the  Picture  at  d9  and 
confequently  a  fimilar  Defect  in  the  Appear- 
ance at  D ;  and. therefore  if  this  fame  Body  F 
be  (lowly  moved  from  C  to  f,  this  Defect  in 
the  Picture  will,  by  degrees,  extend  itfelf 
from  d  to  o9  by  which  a  fimilar  Defect  in  the 
Appearance  will  be  made  to  extend  itfelf 
from  D  to  A,  infomuch,  that  when  the  Ex- 
tremity of  the  opaque  Body  F  has,  by  moving 
from  C  to  f?  come  to  f\  the  Half  of  the 
Vol.  II.  &  Picture 
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Picture  at  do,  and  the  correfponding  Half  of 
the  Appearance  DA  will  be  made  to  vanifh, 
and  the  Candle  will  get  a  femicircular  Appear- 
ance at  AE :  Whence  it  is  eafy  to  fee,  that 
the  opaque  Body  itfelf  F  muft  appear  as  if  it 
were  on  the  contrary  Side  to  that  where  it 
really  is;  for  being  moved  from  Ctof,  it  will 
have  the  Appearance  of  a*  dark  Shade  that  is 
moved  from  D  to  A. 

lomo,  The  laft  Phenomenon  that  I  fhall 
notice,  is  the  little  Spots  or -Marks  that  long- 
fiehted  Peorle  are  fo  liable  to  fee  before  their 
Eyer. 

I  have  already  inquired  into  the  Caufe  of 
thefe  Spots,  and  have  ihown  that  when  the 
Eye  fees  diftin&ly,  no  Spots  will  appear,  unlets 
there  be  fome  Defecl  in  the  Retina  itfelf: 
But  both  in  the  Vifus  fenilis  and  Myopia,  cer- 
tain dark  Spots  or  Marks  will  alfo  be  feen, 
when  there  are  any  fmall  opaque  Marks  on 
the  Cornea,  or  anywhere  within  the  Eye,  that 
intercept  fome  of  the  Rays  in  their  PalTage  to 
the  Patina  ;  whence  fiich  Eyes  may  be  faid  to 
fee  all  their  own  Defects,  which  does  not 
commonly  happen  when  the  Eye  fees  diftincl:- 
ly,  becaufe  then,  the  Rays  that  come  from  a 
Point  in  the  ObjecT:  are  exactly  united  in  a 
correfponding  Point  in  the  Retina ;  and  there- 
fore, tho*  fome  of  them  be  intercepted,  yet 
that  Point  will  be  feen  by  means  of  thofe  that 
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pafs ;  yet  if  any  Hich  opaque  Spot  be  in  the 
Back-part  of  the  vitreous  Humour  where  the 
Pencil  is  narrow,  and  .  intercept  the  whole 
Pencil,  the  correfponding  Point  of  the.  Object 
will  be  darkened. 

Theie  Spots  or  Marks  are  not  all  of  the 
fame  Kind;  there  are  fome  which  may  be 
called  jixt  and  permanent,  becaufe  they  do 
not  change  their  Place  with  relpect  to  the 
Axis  of  Vifion,  and  theie  mud  proceed  from 
fome  Defect  either  in  the  Retina  or  Cornea,  or 
in  the  vitreous  and  crystalline  Humours. 
Others  there  are  which  may  be  called  fluctua- 
ting and  inconjlant,  becaufe  they  are  in  conftant 
Motion,  and  change  their  Place  continually; 
and  thefe  muft  arife  from  fome  Corpufcles 
floating  in  the  aqueous  Humour,  which,  being 
thin  like  Water,  does  not  hinder  them  from 
changing  their  Situation ;  but  whether  they 
are  fixt  or  moving,  they  muft  always  ap- 
pear like  dark  Marks  or  Defects  in  the  Ob- 
ject, and  that  as  well  when  they  proceed  from 
opaque  Spots  on  the  Cornea^  or  any  where 
within  the  Eye,  as  when  they  proceed  from 
the  above  obierved  Defects  in  the  Retina 
itfelf. 

And  this  leads  me  to  explain  another  Kind 
of  Spots  that  are  very  common  in  the  prefby- 
tical  Sight,  and  which  are  not  dark  and  fhady, 
like  thofe  that  hasre   been   already  accounted 
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for,  but  more  bright  and  luminous  than 
the  Object  itfelf  before  which  they  ap- 
pear. 

Thefe  Spots  appear  beft  in  looking  to  bright 
Objects  at  a  confiderable  Diftance,  and  are 
always  of  the  fame  Colour  with  the  Object 
before  which  they  are  feen.  In  the  Middle 
their  Colour  is .  clear  and  ftrong,  which  is 
furrounded  by  a  dark  and  fnady  Border,  not 
■unlike  the  Knots  of  a  polifhed  Fir-board. 
They  are  commonly  accompanied  with  certain 
irregular  Veins  that  proceed  from  each  Spot, 
and  which,  as  well  as  the  Spots  themfelves, 
change  their  Order  and  Difpofition.  Thefe 
Veins  are  alfo  of  the  fame  Colour  with  the 
Object,  and  being  bright  and  luminous  in  the 
Middle,  are  likewife  terminated  by  a  dark 
and  obfcure  Edge  ;  as  may  be  feen  at  Fig.  8. 
Plate  I. 

Thefe  Spots  and  Veins  do  not  always  remain 
in  the  fame  Place,  but  change  their  Pofition 
with  refpect  to  the  Axis  of  Vifwn,  according 
as  the  Eye  is  differently  moved,  being  feme- 
times  in  the  Axis  of  Vifion  itfelf,  and  at  other 
times  to  the  right  or  left  of  this  fame  Axis ; 
but  when  the  Eye  is  kept  fixed  in  the 
fame  Direction,  they  commonly  defcend  gra- 
dually. 

As  for  what  concerns  the  Caufe  of  thefe 
Spots  and  Veins,  it  feems  evident,  that,      *  - 
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imoy  They  muft  proceed  from  feme  CorJ 
pufcles  within  the  Eye,  which  are  at  Liberty  to 
change  their  Place,  and  which  therefore  muft 
be  fuppofed  to  float  in  the  aqueous  Humour. 

ido.  Seeing  thefe  Snots  do  commonly  defcend 
when  the  Eye  is  kept  fixed  and  immoveable, 
the  Corpufcles  from  which  they  arife  muft 
alfo  defcend,  becaufe  they  are  fituated  in  the 
aqueous  Humour  before  the  Place  of  the  Inter- 
fediion  of  the  Pencils;  and  confequently  they 
muft  be  heavier  than  the  aqueous  Humour  in 
which  they  fwim. 

^tio,  Thefe  Spots  being  more  bright  and 
luminous  than  the  Object  itfelf  before  which 
they  are  feen,  they  cannot  be  occafioned  by 
any  opaque  Corpufcles,  which,  by  intercepting 
the  Rays,  do  caft  a  Shade  upon  the  Retina: 
For  from  fuch  Corpufcles  the  Spots  wrould 
appear  like  Defeats  or  dark  Marks  on  the 
Object;    as  has  been  fhown  above. 

What  therefore  feems  to  bid  faireft  for  pro- 
ducing thefe  Spots  and  Veins,  is  fmall,  denfe 
diaphanous  Particles  and  Filaments,  that  fwim 
in  the  aqueous  Humour  before  the  Cryftalline ; 
for  fuch  Particles  and  Filaments,  by  reafon 
of  their  Denfity  and  Weight,  will  fall  down- 
ward when  they  are  left  to  themfelves,  and 
are  not  difturbed  by  the  Motion  of  the  Eye, 
and  by  their  greater  refra&ive  Power,  and 
the    Figures    of  their    little    Surfaces,    thev 

will 
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will  produce  thefe  luminous  Spots  and  Veins, 
terminated  by  dark  and  fhady  Borders.  For 
the  Rays  of  Light  which  pafs  through  thefe 
denfe  Particles,  by  being  more  refracted,  will 
meet  fooncr  behind  the  Cryftalhne  than  the 
Rays  that  pafs  by,  and  do  not  meet  with  fuch 
Particles ;  whence  if  the  Conformation  of  the 
Eye  be  fuch  as  renders  it  prefbytical,  the  Rays 
of  Light  that  come  from  the  feveral  Points  of 
the  Object  will  not  converge  to  fo  many  other 
Points  in  the  Retina,  but  behind  it,  by  which 
the  Pictures  on  the  Retina,,  and  the  Vifion 
caufed  thereby,  will  be  rendered  more  dark 
and  obfcure ;  but  the  Rays  which  pafs  thro' 
thefe  denfe  Grains  and  Filaments,  by  having 
their  Refraction  increafed,  will  be  made  to 
meet  nearly  at  the  Retina,  where  they  will 
form  fmall  luminous  Spots  and  Veins  furround- 
ed  with  dark  and  fhady  Borders ;  juft  as  a 
convex  Glafs,  when  expofed  to  the  Sun,  forms 
its  luminous  Focus  in  the  Middle  of  a  very 
ftrong  Shade  with  which  it  is  environed. 
For  as  Light  is  not  generated  whenever  we 
fee  it  increafed,  it  is  by  robbing  fome  other 
Part  of  its  Light,  or  by  bringing  the  Light 
that  fhould  have  been  difFufed  over  fome  other 
Part  to  the  more  enlightened  Place :  When 
therefore  the  Rays  of  Light  that  pafs  thro' 
thefe  denfe  Particles  and  Filaments  are  fo  re- 
fracted as  to  conveen  at  the  Retina,  and  paint 
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thereon  fmall  luminous  Spots  and  Veins,  thefe 
Spots  and  Veins  will  be  terminated  by  a  dark 
and  a  fhady  Edge ;  becaufe  the  Light  which 
fhould  have  illuminated  the  Edge  is  now  made 
to  fall  on  the  luminous  Picture.  And  thus  you 
fee,  how,  in  the  prefbytical  Eye,  fmall  luminous 
Spots  and  Veins,  incompaffed  with  dark  and 
fhady  Borders,  may  be  painted  on  the  Reti- 
na, and  how,  from  fuch  Pi&ures,  fimilarand 
like  Spots  and  Veins  will  be  feen  moving  be- 
fore the  ObjecT:. 

Thefe  Spots  are  obferved  to  change  their 
Figures  fometimes  in  two  or  three  Hours ;  at 
other  times  not  in  two  or  three  Days,  and  to  ap- 
pear more  numerous  at  onetime  than  another. 

I  have  faid,  that  when  they  appear  to  defcend, 
as  they  commonly  do  when  the  Eye  is  kept 
fixt  in  the  fame  Direction,  the  Particles  and 
Filaments  producing  them  muft  alfo  defcend, 
becaufe  fituatedin  the  aqueous  Humour  before 
the  Place  where  the  Pencils  interfect  each 
other  within  the  Eye;  and  for  the  fame 
Reafon,  fhould  thefe  Spots  appear  to  afcend, 
which  is  indeed  uncommon,  the  Particles  pro- 
ducing them  muft  alfo  afcend,  and  confequent- 
ly  muft  be  lighter  than  the  aqueous  Humour, 
They  muft  therefore  be  fuppoied  to  be  of  an 
oily  fulphureous  Nature;  for  being  of  this  Na- 
ture they  will  not  only  afcend,  but  by  their 
greater  refra&ive  Power,  they  will  caft  their 
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diftinct  Images  upon  the  Retina,  for  producing 
thofe  luminous  Spots  and  Veins  ;  for  that  oily 
and  fulphureous  Subftances,  tho'  lefs  denfe  than 
"Water,  have  a  ftronger  refractive  Power,  is 
evident  from  the  Obfervations  of  the  incom- 
parable Newton,  who,  in  his  admirable 
Treatif  of  Optics,  has  given  us  an  exact 
Table  (hewing  the  Refractions  of  almoft  all 
Kinds  of  Bodies,  by  which  it  appears  that 
the  refractive  Power  of  unctuous  and  fulphu- 
reous Subftances  is  two  or  three  times  greater 
in  refpect  of  their  Denfities,  than  the  refractive 
Powers  of  Glafs,  and  other  terreftrial  al- 
calizate  Concretes,  and  that  Rain-water,  with 
which  the  aqueous  Humour  may  be  fuppofed 
to  agree,  has  a  refractive  Power  in  a  Middle 
Degree  between  thofe  two  Sorts  of  Subftances. 
§  19.  From  what  has  been  now  faid  con- 
cerning the  Phenomena  that  are  peculiar  to  the 
fort  and  long  Sight,  it  is  eafy  to  deduce  the 
many  Advantages  that  accrue  to  us  from  the 
Motion  of  the  cryftalline  Humour  ;  for  it  be- 
ing by  the  Motion  of  this  Humour  that  our 
Eyes  are  fitted  for  feeing  diftinctly  at  different 
Diftances,  had  we  been  denied  the  Power  of 
changing  its  Situation,  there  could  have  been 
no  diftinct  Villon,  but  at  one  determined  Di- 
ftance,  either  great,  middle,  or  fmall,  ac- 
cording to  the  particular  Difpofition  of  our 
Eyes ;  and  with  refpect  to  all  Objects  at  a 
greater  or  leffer  Diftance,    the   Sight  would 

have^ 


Chap.  IV.  the  Cnftalline.  81 

have  been  myopical  or  pre/by  tkal,  and  conse- 
quently would  have  been  liable  to  all  the 
Symptoms,  Defects  and  Inconveniencies  above 
explained.     But, 

§  20.  idoy  Befides  the  Advantage  we  receive 
from  the  Mobility  of  the  Cryftallme,  in  enabling 
us  to  fee  diftmctly  at  different  Diftaiices,  there 
is  yet  another  taken  Notice  of  by  the  greateft 
Part  of  our  optical  Writers,  which  confifts  in 
enabling  us  to  judge  with  more  Certainty  of 
the  Diftance  of  Objects. 

There  are  fix  things  whereby  we  are  enabled 
to  difcover  the  Diftance  of  Objects  ;  all 
which  I  fliall  have  Occaf ion  to  explain  here- 
after, and  therefore  fhall  here  only  explain, 
how  the  Mind  judgeth  of  Diftance  by  that 
Difpofition  of  the  Eye,  that  is  neceffary 
for   feeing  diftindtly  at  different  Diftances. 

We  have  already  demonftrated,  that  there 
can  be  no  diftinet  Vifion,  unlefs  the  Rays  of 
Light,  which  are  fent  from  the  feveral  Pomes 
of  the  Object,  be,  by  the  Humours  of  the  Eye, 
refraded  and  brought  together  in  fo  many 
correfponding  Points  on  the  Retina :  And  that 
the  fame  Conformation  in  the  Eye  is  not  able 
to  perform  this  Effed,  but  muft  be  changed 
by  the  Contraction  of  the  Ligamentmn  CU'iate, 
which  being  fenfible  to  us,  becaufe  it  depends 
upon  our  Mind  which  regulates  it,  will  enable 
us  in  fome  Mcaiure  to   judge  of  Diftances, 
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even  with  one  Eye:    As  for  inftance,   when 
I  view  an  Objed  at  feven  Inches  Diftance,  I 
diftinguifh    its    Diftance   by  the    Difpofition 
of  the  Eye,  which   at   that  Diftance  is  not 
only  fenfible,  but  in  fome  Sort  unealy ;    and 
when  the   fame    Objedt  is  viewed  at  twenty 
feven  Inches  Diftance,    the  Diftance  is  ftill 
perceived,    becaufe  the  necefTary  Difpofition 
of  the   Eye  is  ftill  fenfible,    tho'    no  longer 
uneafy.     And  thus  you   fee,    how  with  one 
Eye  alone  we  judge  of  leffer  Diftances,  from 
the   Change  which  happens  in  the  Conforma- 
tion of  the  Eye;   but,  as  this  Change  in  the 
Conformation  of  the  Eye  has  its  Limits,  be- 
yond which  it  cannot  go,    it  can  be  of  no  Ufe 
in  aflifting  us  to  judge  of  the  Diftance  of  Ob- 
jects placed  without   the   Limits    of    diftindt 
Vifion ;  which  in  my  Eyes  can  reach  no  further 
than  from  feven  to  twenty  feven  Inches:    But 
as  the  Objedt  does  then  appear   more  or  lefs 
confufed  according  as  it  is  more  or  lefs  remo- 
ved from  thefe  Limits*  this  Confufion  fupplies 
the  Place  of  the  Motion  of  the  Cryftalline,  in 
aiding  the  Mind  to  judge  of  the  Diftance  of 
the  Objedt,  it  being  always  efteemed  fo  much 
the  nearer  or  further  off,  by  how  much  the 
Confufion  is  greater. 

But  this  Confufion  has  its  Limits  alfo,  be- 
yond which  it  can  never  extend :  For,  when 
an  Object  is  placed  at  a  certain  Diftance  from 

the 


Chap.  IV,  the  CqftaUim.  S3 

the  Eye,  to  which  the  Breadth  of  the  Pupil 
bears  no  fenfible  proportion,  the  Rays  of 
Light  that  come  from  a  Point  in  the  Object, 
and  pafs  the  Pupil,  are  fo  little  diverging,  that 
they  may,  in  a  phyfical,  tho?  not  mathemati- 
cal 1  Senfc,  be  looked  on  as  parallel ;  and 
therefore  the  Picture  on  the  Retina  will  not, 
to  Senfe,  become  more  confufed,  tho'  the 
Object  be  removed  to  a  much  greater  Di- 
ftance. 

What  this  -Diftance  is  to  which  the 
Diameter  of  the  Pupil  bears  no  fenfible  pro- 
portion, Authors  are  not  agreed  on,  nor  fhall 
I  at  prefcnt  take  upon  me  to  determine;  but 
confidering  the  Smallnefs  of  the  Pupil,  it  is 
obvious,  that  it  cannot  reach,  any  far  Way ; 
and  confequently  this  Confufipn  in  the  Appear- 
ance of  Objects  can  only  affift  us  in  judging  of 
fmall  Diftances, 
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CHAT.     V. 

Of  the  Pupil  and  its  Motions; 

AND 

The  Benefit  zve  receive  from  the  Pupil  and  thefe 
Motions. 

Sect.  1.  IN  fpeaking  of  the  Strudure  of  the 
J[  Eye,  I  obferved,  that  the  Uvea 
has  a  fmall  round  Hole  in  its  Middle,  called 
the  Pupil,  thro'  which  the  Rays  muft  all  pals 
before  they  can  get  to  the  Bottom  of  the  Eye, 
for  painting  the  Images  of  external  Gbje&s 
upon  the  Retina  ;  and  therefore  it  is,  that  the 
whole  Structure  of  this  moil  curious  and 
beautiful  little  Organ  would  have  been  in  vain, 
and  to  no  Purpofe,  had  Nature  forgot  thus  to 
perforate  this  Tunicle. 

But,  that  I  may  the  better  explain  the  Ufe 
of  the  Pupil,  and  the  Benefits  which  our  Sight 
receives  from  it,  I  fiiall  confider  thefe  three 
Things ;  ift,  Its  Magnitude ;  2dly,  Its  Figure, 
and  ylly,  Its  Motions. 

§  '2.  As  to  the  firfl,  the  Magnitude  of  the 
Pupii;    we  all  Experience,  that  it  is  precifely 
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fuch  as  is  necefTary  for  admitting  that  Quantity 
of  Light  which  perfeft  Vifion  requires.  Had 
it  been  much  larger,  then  the  tender  Subftance 
of  the  Retina  would  have  been  fatigued,  dried, 
burnt,  or  otherwife  hurt,  upon  a  thoufand 
Occasions,  by  the  too  great  Quantity  of  Light 
which  would  have  been  collected  upon  it; 
for  the  Humours  of  our  Eyes  perform  much 
the  fame  Effect  with  that  of  a  convex  Lens  or 
Burning-glafs,  by  refracting  the  Rays  of 
Light,  and  making  them  converge  to  a  Poinfc 
in  the  Retina ;  and  therefore  it  is  that  thofe 
Creatures  who  have  the  Pupil  extraordinary 
large  for  enabling  them  to  fee  in  the  Night- 
time when  the  Light  is  weak,  fuch  as  the 
Bat-bird,  the  Owl,  and  other  Night-Birds, 
cannot  bear  the  Light  of  Day,  but  are  obliged 
to  abfeond  themfelves  in  fome  dark  Place  till 
Night  returns. 

But,  befides  this,  had  the  Pupil  been  much 
larger  than  it  is,  the  Eye  would  not  have 
been  a  Cellula  Obfcura,  but  wrould  have  been 
enlightened  by  the  Light  proceeding  from  all 
the  Objects  round  about  us,  and  to  which  the 
Sight  is  not  di reded ;  and  being  thus  enlighten- 
ed, the  Pidlures  on  the  Retina,  by  being  mixed 
with  this  foreign  Light,  would  have  been 
rendered  verv  obfeure  and  indiftindt;  and 
confequently  the  Vifion  produced  by  thefe 
obfeure   and  indiftind   Pictures,    would   alfo 

have 
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have  been  obfeure  and  indiftinct ;  for,  as  in  a 
Camera  Obfcura,  the  Pictures  are  always  the 
moil  lively  and  perfect  when  the  Camera  is 
keept  dark,  and  no  Light  is  allowed  to  enter 
it,  but  what  comes  from  the  Object  forming 
the  Picture ;  fo,  in  the  Eye,  the  Pictures 
will  always  be  the  moil  lively  and  perfect 
when  no  Light  enters  the  Eye  to  mix  with 
the  Picture,  but  what  comes  from  the  Object 
in  view,  and  confequently  the  Sight  produced 
by  thefe  Pictures  will  then  alfo  be  the  moft 
diftinct  and  perfect. 

But  this  is  not  all ;  for,  had  our  Pupils  been 
much  larger  than  they  are,  our  Sight  would, 
on  feveral  other  Accounts,  have  been  a  good 
Deal  lefs  diftinct  than  it  is.  at  preient.  It  has 
already  been  ihown,  that  there  is  always  a 
fmall  Degree  cf  Confufion  in  our  Sight,  arifing 
from  the  Sphericalneis  of  the  Surfaces  of  the. 
refracting  Humours,  and  ftill  a  greater  Degree 
of  Confufion  arifina*  from  the  different  Refran- 
gibiiity  of  the  Rays ;  but  the  greateft  Confu- 
fion of  all  is,  that  which  proceeds  from  the 
too  great  Diftance  or  Proximity  of  Objects: 
For,  according  as  the  Objecl;  is  nearer  or 
farther  off,  the  Conformation  of  the  Eye  mufl 
be  changed,  that  the  Picture  on  the  Retina 
may  be  made  as  diftinct  as  pofiible ;  but  this 
Change  of  Conformation  has  its  Limits,  be- 
yond which   it  cannot  go?  and  therefore  all 

Objects 
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Objedts  that  are  placed  beyond  thefe  Limits 
muft  appear  more  or  lefs  confufed,  according 
as  they  are  more  or  lefs  removed  from  thefe 
Limits  to  which  the  Eye  can  accommodate 
itfelf.  Now,  from  what  I  have  faid  before 
on  thefe  Heads,  which  I  fhall  not  now  repeat, 
it  is  obvious,  that  the  Indiftinctnefs  proceeding 
from  all  thefe  Caufes  will: :.be  greater  cj  lefs, 
according  as  the  Pupil  is  greater  or  fmallcr; 
and  therefore,  had  our  Pupils  been  much  larger 
than  they  are  at  prefent,  we  fliould  not  have 
fe'en  fo  difhinctly  as  we  now  do. 

On  the  other  hand,  had  the  Pupil  been 
much  fmaller,  we  would  then  indeed  have  feen 
more  diftinftly,  but  the  Light  would  not  have 
paired  in  that  Quantity  which  is  neceflary  for 
painting  the  Images  of  Objects  upon  the  Retina 
with  fufficient  Strength  and  Brightnefs  ;  and 
therefore  all  Vilion  would  have  been  rendered 
faint  and  obfeure.  From  all  which,  it  is  ea- 
fy  to  fee,  why  Nature  has  thus  perforated 
the  Uvea  with  a  Hole  of  fuch  a  determined 
Degree  of  Magnitude,  as  is  anfwerable  to  the 
Degree  of  Senfibility,  and  Delicacy  of  the 
Retina,  and  to  the  Occafions  we  have  for  a 
perfect  Sight,  by  having'  the  Images  on  the 
Retina  made  as  perfect  and  diftincl  as  poffi- 
ble. 

§  3.  2dly,  What  falls  next  to  be  confidered, 
is  the  Figure  of  the  Pupil.     This  in  Man,  as 
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well  as  in  the  greateft  Part  of  other  Animals, 
is  round  or  circular;  which  being  the  moil 
capacious  of  all  Figures,  muft  tranfmit  the 
greateft  Quantity  of  Light,  by  which  means 
the  Pictures  on  the  Retina,  and  the  Vifion 
caufed  thereby,  will  be  fironger  and  more 
lively  than  they  could  have  been,  had  the  Pu- 
pil been  of  any  other  Figure. 

By  means  of  this  Figure,  the  Pictures  on 
the  Retina  are  alfo  rendered  more  diftinct; 
for  fmce,  as  I  have  before  obferved,  no  fphe- 
rical  Surface  can  accurately  refradt  all  the 
Rays  of  a  large  Pencil  to  a  fingle  Point,  but 
only  thofe  that  go  pretty  near  its  Axis,  there 
muft  always  be  fome  fmall  Confufion  in  thefe 
Pictures,  arifing  from  the  Sphericalnefs  of  the 
Surfaces  of  the  refracting  Humours,  and  ftill 
a  greater  Confufion  from  the  too  great  Di- 
ftance  or  Proximity  of  Obje&s.  But  this 
Confufion  will  be  leffened  by  the  fpherical  Fi' 
gure  of  the  Pupil,  becaufe  all  the  Rays  are 
thereby  brought  as  near  the  Axis  of  the  Pen- 
cil as  poffible  ;  whereas,  had  the  Pupil  been  of 
any  other  Figure,  fome  of  the  Rays  belong- 
ing to  each  Pencil  would  have  been  further 
removed  from  its  Axis,  by  which  the  Pictures 
on  the  Retina  would  have  been  more  confu- 
ted and  indiftinft.  And  this  is  the  Reafon, 
why,  when  the  Pupil  is  long  or  elliptical,  as  in 
Horic,    Cows   and  Sheep,  or  in  Form  of  a 
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Fiffure,  as  in  Cats ;  fuch  Creatures  cannot  fee 
ib  diftindly  as  Man  and  other  Animals,  ha- 
ving a  round  Pupil ;  but  it  was  needful,  that 
in  them  the  Pupil  ihould  be  oblong,  to 
ferve  other  ufeful  Purpofes :  as  fliall  be  ex- 
plained hereafter. 

Another  Reafon  for  the  Roundnefs  of  the 
Pupil  is,  that   the  Eye  might  thereby  be  en- 
abled to    fee   equally  well  every  way,   above 
and  below,  and  on  both  Sides:     Vv' hence  in 
Man,  and  in  all  other  Creatures,  who  have 
Occafion    to    fee    every    way    equally,     this 
Aperture  is  always    circular;    but    in   Oxen, 
Goats,  Horfe,  Sheep,   and  divers  other  Crea- 
tures,   whofe  chief   Bufmefs   is  to  feek  their 
Food  with  their  Heads  bowed  down  towards 
the  Earth,  and  who  therefore  have  only  Oc- 
cafion to  fee  Objecls  immediately  before  them, 
and  on  each  Hand,  their  Pupil  is  always  ob- 
long or  elliptical,   having  its  greateft  Diame- 
ter  placed  towards   the  Angles  of   the  Eye, 
that  it  may  the  better  receive  the  Rays  which 
come  from  Obje&s  on  either  Side;  which  is 
an  admirable  Provifion  for  thefe  Creatures  to 
fee  laterally,   and  thereby  to  avoid  Inconve- 
niencies,  as  well  as  help  them  to  gather  their 
Food  on  the  Ground  both  by  Day  and  Night. 
But  of  this  more  hereafter,  when  I  come  to 
account  for  the  different  Conformations  of  the 
Eyes  in  different  Animals. 
.    Vol.  II.  M  §4. 
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§4.  The  laft  Thing  remarkable  in  the 
Pupil,  is  its  Motions :  For  this  Aperture  has 
iio  fixt  determined  Meafure,  but  varies  in  its 
Magnitude  according  as  Circumftances  vary. 

Ga l  en,  of  old,  obferved  this ;  but  being  ig- 
norant of  the  Laws  by  which  thefe  Motions 
are  governed,  he  thought  that  the  Pupil  had 
no  Motion,  but  that  of  dilating  itfelf,  when 
the  other  Eye  was  fliut  or  loft,  and  again  con- 
trailing  itfelf,  when  the  Eye  was  opened  or 
recovered.  That  this  was  Galen's  Opinion, 
appears  from  the  5th  Chapter  of  his  10th 
Book  Dc  JJfn  Partiim,  where  he  alfo  accounts 
for  this  Dilatation  of  the  Pupil,  from  the 
whole  of  the  vifive  Rays  or  Spirits,  which,  ac- 
cording to  him,  conftantly  ftream  forth  from 
the  optic  Nerves,  thro'  both  Eyes,  for  caufmg 
Vifion,  being  now  all  determined  into  the  fee- 
ing Eye,  for  ftrengthening  its  Sight,  and  fup- 
plying  the  Want  of  the  other :  For,  from  this 
greater  Flow  of  Spirits,  thro'  the  feeing  Eye, 
he  fuppofed  the  Pupil  Was  preffed  open  anil 
enlarged  ;  and  tho'  he  was  greatly  miftaken  as 
to  the  Caufe  of  this  Dilatation,  yet  he  was 
thereby  happily  led,  to  make  a  very  judicious 
and  ufeful  Prognoftic  in  the  Cafe  of  Cataracls  * 
for  he  tells  us  (de  Synipt.  Gauf  Lib.  1.  Cap.  2.), 
That  if,  in  this  Difeafe-,  the  Pupil  of  the  one 
Eye  dilates,  when  the  other  Eye  Is  fhut,  there 
is   Hopes  from  the  Operation,    hecaufe   the 
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* 
Nerves  are  found  and  pervious,  but  if  it  does 
not  dilate,  all  Hopes  are  loft,  becaufe  this 
is  a  Sign  that  the  optic  Nerves  are  affect- 
ed. 

That  this  Prognoftic  is  indeed  true,  we  are 
taught  by  Experience:  But  it  does  not  from 
thence  follow,  that  the  Pupil  is  dilated  by  any 
Flow  of  Spirits  ftreaming  forth  from  the  optic 
Nerve,  but  only  that  the  Reting  and  Nerves 
have  become  paralytic  and  infenfible,  when 
the  Pupils  do  not  move  ;  for  when  both  Eyes 
are  open,  the  Light  that  paffes  to  the  Retifw 
thro'  the  demi-opaque  Cryilallihes,  caufes  both 
Pupils  to  contract  in  proportion  to  the  Sulfati- 
on of  Light  affecting  the  Retiiu  :  But  when 
one  of  the  Eyes  is  fnut,  the  Retina  of  that 
Eye  will  not  any  longer  be  affected  by  Light, 
and  therefore  its  Pupil  will  dilate,  and  being 
dilated,  -the  Pupil  of  the  other  Eye  will  alfo 
dilate ;  becaufe  the  Pupils  of  both  Eyes  always 
iynipathize  with  each  other  in  their  Motions ; 
as  ihail  be  explained  afterwards:  But' when 
the  Retirics  are  paralytic  and  infenfible  of  the 
Light,  both  Pupils  will  always  keep  dilated 
to  their  utmoft  Extent,  as  well  when  both  Eyes 
are  open,  as  when  one  of  them  is  flint,  becaufe 
there  is  then  nothing  that  fhouid  influence  us 
to  contrail  them  ;  and  therefore  this  Want  of 
Motion  in  the  Pupils  is  a  Sign  that  the  Retim 
and  Nerves  have  become  paralytic  and  infeii- 
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fible,  which  mull  render  the  Operation  ufelefs ; 
bat  it  by  no  means  proves,  that  the  Pupils 
are  dilated  by  any  Flow  of  Spirits  ftreamin'g 
forth  from  the  optic  Nerves,  as  Galen 
imagined. 

§  5.  In  this  opinion,  that  the  Pupil  has  no 
Motion  but  when  the  other  Eye  is  Unit  or 
loft,  Galen  was  followed  by  all  Phyficians,  as 
well  as  Philofophers,  till  the  diligent  Anatomift, 
Fabricius  ab  Aqua-pendent  e,  Profeffor  at  Pa- 
dua,?did  Succeflbr  to  the  great  Falopi us,  by 
obierving  the  Eyes  of  a  Cat,  found,  that  the 
Pupil  not  only  dilated  and  contracted  itfelf, 
when  one  of  the  Eyes  was  {hat,  butalfo  when 
both  were  open. 

This  unexpected  Difcovery  did  at  firft  very 
much  furprife  Aq,uapendent,  becaufe  it 
run  crofs  to  what  every  body  then  believed, 
from  the  Authority  of  Galen;  more  efpeci- 
ally  that  he  alfo  obferved,  that  the  Pupils  of 
both  Eyes  contracted  and  dilated  frequently  in 
a  very  ihort  Space  of  Time,  tho'  the  Light 
continued  the  fame :  So  that  he  juftly  fufpected 
that  thefe  Motions  were  altogether  voluntary, 
like  that  of  other  Mufcles,  tho?  he  was  at  a  lofs 
to  account  for  it,  as  he  could  find  no  Mufcle 
for  performing  thefe  Motions  ;  and  he  does 
not  feem  to  have  known  anything  of  the  cir- 
cular and  longitudinal  mufcular  Fibres  of  the 
Uvea :    But  having  communicated  thefe  Ob- 
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fervations  to  fome  of  his  learned  Friends,  and 
in  particular  to  the  famous  Father  Pau  l  of 
Venice;  this  learned  Father  found,  from  re- 
peated Experiments,  that  the  Pupil,  not  only 
in  Cats,  but  alfo  in  Man,  and  all  other 
Creatures,  always  contracted  itfelf,  when  the 
Eye  was  expofed  to  a  bright  Light,  and  again 
dilated  itfelf  when  the  Light  was  faint  and 
languid:  And  this  he  always  obferved,  as 
well  when  both  Eyes  were  open,  as  when  one 
of  them  was  lhut  -,  and  therefore  this  learn- 
ed Father  juftly  deferves  the  Honour  that 
is  due  to  liich  a  noble  and  ufeful  Difco- 
very. 

I  know  Achil linus,  in  his  Annotationes 
in  Mnndini  Anatomicim,-  publifhed  ami.  1522, 
makes  mention  of  the  fame  Phenomenon,  long 
before  it  had  been  obferved  by  Father  Paul, 
as  Morgagnt  has  noticed;  yet  it  would  ap- 
pear, that  all  Phyficians,  as  well  as  Naturalifts, 
either  overlooked  this  Paffage,  or  imagined 
the  Phenomenon  to  be  preternatural.  This 
much  at  leail  is  certain,  that  the  famous 
Mo  nt  an  us  (who,  after  having  taught  Me- 
dicine at  Padua  for  twenty  Years,  died  in  the 
Year  1551,)  having  obferved,  in  two  of  his 
Patients,  that  the  Pupil  dilated  in  a  dark 
Light,  and  contra  dec!  in  a  bright  Light, 
was  fo  far  from  looking*  on  thefe  Pba- 
uomcna  as  natural,  that  he  fays  they  are 
Signs  of  a  weak  Sight,  and  attributes  them 
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to  a  Thicknefs  of  the  Spirits  (See  his  Confulta- 
tioncs,  N°9i.  and  92.)  And,  as  Fabric i- 
us  ab  yiquapendente,  in  his  Treat ife  de  Oculo, 
Part  3.  Chap.  6.  published  in  the  Year  1603, 
is  the  firft  after  Achillinus  who  makes 
Mention  of  this  Phenomenon  as  natural,  and 
afcribes  the  Difcovery  of  it  to  Father  Paul  in 
the  Manner  above  fet  forth;  it  would  be 
unjuft  to  deny  him  the  Honour  of  the 
Difcovery,  tho'  it  might  have  been  noticed 
before  by  others,  and  particularly  by  Achil- 
linus. 

§  6.  But  it  is  not  enough  to  aflert  the  Moti- 
ons of  the  Pupil  from  the  Authority  of  others; 
an  experimental  Proof  of  thefe  Motions,  and 
of  the  Laws  whereby  they  are  governed  and 
conducted,  will  be  expe&ed :  This  therefore 
I  fhall  endeavour  to  give,  in  the  following 
Propofitions : 

PROPOSITION    I. 

All  Animals  have  a  Power-  of  contraBing 
md  dilating  their  Pupils,  as  occafion  re- 
quires* 

This  every  Body  knows,  and  it  will  fur- 
ther appear,  from  the  Experiments  and  Ob- 
servations to  be  mentioned  below- 

PROP. 
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PROP.     II. 

§  7.  The  natural  State  of  the  Pupil  is  a 
State  of  Dilatation,  and  its  Contraction  a  State 
of  Violence,  occafioned  by  the  Contraction  of  the 
circular  Fibres  of  the  Uvea. 

This,  as  I  have  before  obferved,  is  manifeft 
from  its  being  very  large  in  a  Syncope,  Apo- 
plexy, Gutta  Serena,  and  for  fome  time  after 
Death,  '&%,  for  in  thefe,  and  fuch  like  Cafes, 
as  the  Eye  is  altogether  inferifible  of  the 
Light,  fo  all  the  Mufcles  and  mufcular  Fibres 
have  loft  their  Tone  and  Power  of  Contraction, 
and  therefore  the  Pupil  muft  of  itfelf  fall  into 
that  State  which  is  moft  natural  to  it.  But 
fince,  in  all  thefe  Cafes,  it  is  always  found  dila- 
ted, it  follows,  that  this  is  its  natural  State* 
and  that  its  Contraction  is  a  State  of  Violence, 
introduced  at  the  Command  of  our  Will,  and 
caufed  by  the  Contraction  of  its  circular  Fi- 
bres. And  this  is  ftill  further  confirmed  by 
that  dazzling  Uneafmefs  which  we  all  feel 
from  ftrong  Light  immediately  after  waking, 
when  the  Pupil  may  alfo  be  feen  greatly  enlar- 
ged :  Whence,  when  we  fay  a  Man  dilates 
his  Pupil,  nothing  is  meant,  but  that  he  no 
longer  wills  its  Contraction,  for  the  longitudi- 
nal Fibres  of  the.  Uvea,  which  had  been  ex- 
tended 
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tended  by  the  Contraction  of  the  circular  Fi- 
bres, when  they  are  left  to  themfelves,  will, 
by  their  natural  Elafticity,  contract,  and,  by 
contracting,  dilate  the  Pupil,  more  or  lefs,  ac- 
cording as  the  orbicular  Fibres  are  more  or 
lefs  relaxed. 

PROP.     III. 

§  8.  When  the  Light  is  Jlrong,  or  the  vi~ 
fual  Objeff  too  luminous,  we  contraH  the  Pupil 
for  intercepting  a  Part  of  the  Light,  which  other- 
wife  would  dazzle  and  hurt  our  Eyes.     But, 

PROP.     IV. 

§  9.  When  our  Eyes  are  in  no  Danger  of 
being  hurt  by  the  Light,  and  efpecially  if  the  Light 
is  fo  weak,  as  to  make  but  a  faint  obfcure  Pi- 
cture on  the  Retina,  we  enlarge  this  Aperture, 
that  more  Light  may  e?iter  the  Eye,  for  making 
a  fufftcient  Imprejfion  on  this  Membrane. 

That  thefe  Propofitions  are  true,  we  may 
gather  from  many  Experiments  ;  the  follow- 
ing are  very  eafy  and  convincing : 

Caufe  a  Man  to  lit  with  his  Face  towards 
the  Window,  when  the  Sun  fhines,  and  defire 
him  to  look  towards  the  Sun,   you  fhall   then 

obferve 
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obfervc  the  Pupil  extraordinary  fmall ;  but  if 
he  turns  his  Eyes  from  the  Light,  or  be  gra- 
dually brought  into  a  darker  Place,  fo  as  lefs 
Light  may  enter  the  Eye,  you  fhall  obferve 
the  Pupil  to  dilate  itfelf  proportionably  to 
the  Faintnefs  of  the  Light  and  Obfcurity  of 
the  Place. 

The  fame  thing  will  alfo  happen  if  you 
place  '  a  Candle,  or  even  a  white  or  other 
bright  Object  before  the  Eyes,  and  gra- 
dually remove  it  from  before  them,  by 
carrying  it  off  fideways ;  for  you  fhall  ob- 
ferve, that  the  Pupil  dilates  itfelf  more  or  lefs, 
according  as  lefs  or  more  Light  is  fent  in- 
to the  Eye  from  the  luminous  or  bright  Ob- 
ject. 

PROP.     V. 

§  1 Q .  The  Pupil  contraSs  when  the  Object  is  near 
the  Eye,  for  making  the  luminous  Pencils  narrow 
and  lefs  diverging,  that  the  Pi  dure  on  the  Retina 
may  be  rendered  more  diflincl. 

I  have  already  obferved,  that  when  the 
Object  is  nearer  than  the  nqareft  Limits  of  di- 
stinct Vifion,  the  Rays  that  come  from  the  fe- 
veral  Points  of  the  Object  will  not  be  united 
in  fo  many  correfponding  Points  in  the  Retina, 
but  at  fome  Place  behind  it :    Wherve  the  Pi- 
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cture  on  the  Retina*  and  the  Vifion  thereby 
caufed,  will  be  confuted  and  indiftinct,  ftill 
the  more  confuted,  the  nearer  the  Object  is  to 
the  Eye :  But,  by  the  Contraction  of  the  Pupil, 
the  little  luminous  Pencils,  which  have  for  their 
Apex  a  Point  in  the  Object,  and  for  their  Bafis 
the  Aperture  of  the  Pupil,  will,  by  reafon  of 
their  Acutenefs,  proceeding  from  the  Con- 
traction of  the  Pupil,  take  up  a  fmailer  Space 
on  the  Retina,  ftill  the  fmailer  the  more 
the  Pupil  is  contracted  ;  by  which  means 
the  Confufion  in  the  Picture  will  become  lefs, 
and  the  Sight  will  be  made  more  diftinct,  tho* 
lefs  clear.  This  therefore  is  a  good  Reafon 
for  contracting  the  Pupil  when  Objects  are 
nearer  than  the  neareft  Limits  of  diftinct  Vifi- 
on ;  for  they  are  thereby  rendered  more  dir 
ftinct,  and  at  that  Diftance  they  are  fufficient- 
ly  luminous  to  be  clearly  enough  feen,  tho5  the 
Pupil  be  a  little  contracted. 

The  Pupil  may  alfo  contract  in  viewing' 
Objects  a  Utile  more  remote  than  thofe  neareft 
Limits;  for  tho'  the  Eye  can  adapt  itfejf  to 
that  Diftance,  yet  the  Pupil  may  have  good 
Reafon  to  contract  for  rendering  the  Sight 
more  diftincY,  and  at  the  fame  time  for 
avoiding  that  painful  and  laborious  Contraction 
of  tHe  Cjtlary  Ligament  which  would  be  necef- 
firy  to  fee  the  Object  with  fufficient  Diitinct- 
neis,   and    which,    by  being  cu    the  Strain, 

w  ould 
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would  be  very  fatiguing  and  uneafy,  efpecially 
if  the  Object  were  to  be  viewed  for  any  time 
together.     But,  if  the  Object  is  not  fufficient- 
ly  luminous,  this  Ligament  will  not  be  eafed 
of  any  Part  of  its  Labour,  in  making  the  Ob- 
ject appear  diftind:,  by  the  Contraction  of  the 
Pupil ;  for  in   this  Cafe  the  Pupil  will  rather 
be  enlarged  to  let  in  more  Light,  that  the 
Object  may  be  feen  with  fufficient  Brightnefs. 
And  this  is  the  Reafon  why  Obje&s  at  a  Di- 
ftance,  and    beyond   the    farthefl   Limits   of 
diftindt  Villon,  are  feldom  made  more  diftind 
by  the  Contraction    of  the    Pupil ;    for  the 
Light  being  commonly  weak  in  diftant  Ob- 
jects,   the  Pupil   is   fo  far  from  contracting, 
that  there  is  often  a  Neceflity  that  it  be  dilated 
to  take  in  more  Light,  that  the  Objedt  may 
appear  fufficiently  bright  and  luminous ;  yet,  , 
when  the  Object  is  very  bright,  the  Pupil  will 
contract  for  rendering  the  Sight  more  diftind, 
at  whatever  Diftance  the  Object  be  from  the 
Eye;  for  then  that  Contraction  anfwers  two 
Purpofes ;  one,  to  exclude  an  over-great  Quan- 
tity of  Light,  which  would   be  offenfive  to 
the  Eye ;  the  other,  to  leffen  the  Indiftin&iiefs . 
But  that  the  Truth  of  this  Proportion  may 
the  better  appear,  I  fhall  iubjoiii  the  following 
Experiments : 

Caufe  a  Man  to  take  into  his  Hand  a  Pin., 
Or  any  fitch  .final!  Objed,  and   holding  it  at 
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a  Diftance  from  his  Eye,  while  the  other  Eye 
is  kept  fhut,  let  him  bring  the  Pin  gradually 
to  within  an  Inch  or  two  of  the  open  Eye, 
looking  upon  it  ftedfaftly  all  the  while :  When 
the  Pin  is  at  a  Diftance,  the  Pupil  will  be 
found  dilated ;  but  when  it  is  brought  near  to 
the  Eye,  you  will  find  the  Pupil  a  good  deal 
contracted. 

The  fame  thing  may  be  obferved,  if  two 
Pins  be  iluck  in  the  fame  right  Line  in  the 
Axis  of  Villon  ;  the  one  about  an  Inch  or  two, 
and  the  other  at  two  or  three  Feet  from  the 
Eye ;  for  when  the  near  Pin  is  viewed,  the 
Pupil  will  be  feen  contracted ;  whereas  when 
the  diftant  one  is  viewed,  it  will  be  feen  dilated : 
And  this  Difference  in  the  Magnitude  of  the 
Pupil  can  proceed  from  nothing  but  the  different 
Diftance  of  the  Objeft,  in  the  Contemplation 
of  which  the  Sight  is  employed  ;  for  the 
Light  fent  into  the  Eye  is  the  fame,  whic'h- 
foever  of  the  Pins  the  Eye  contemplates. 

From  thofe  Experiments,  which  I  have 
borrowed  from  that  great  Improver  of  Optics, 
the  learned  Scheiner,  it  is  evident,  that  the 
Pupil  contracts  at  the  near  Approach  of  any* 
fmall  Obi  eft,  when  we  endeavour  to  fee  it  di- 
;t>n%.  '.  But, 
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PROP.     VI. 

§  ii.  The  Pupil  alfo  contrails,  fir  making, 
the  Pidure  more  diflincl,  when  the  Objed  is  too 
far  off,  and  beyond  the  farthejl  'Limits  to  which 
the  Eye  can  accommodate  itfelf,  provided  the 
ObjeB  be  fufficiently  luminous  ;  but,  if  other-wife, 
the  Pupil  will  rather  dilate,  to  take  in  more  Light. 

This  Proposition  is  a  natural  Confequence 
of  the  foregoing  one  ;  for  if  we  contrad  the 
Pupil,  that  near  Objedts  may  appear  (lifting 
we  ought  alfo,  for  the  fame  Reafori,  to  con- 
trail it,  that  diftant  Objeds  may  appear 
diftindt,  unlefs  when  there  is  a  fuperior  Reafon 
for  dilating  it,  as  when  the  Light  is  too  weak 
for. making  a  fufficient  Impreffion  on  the 
Retina.  This  is  indeed  commonly  the  Cale 
in  diftant  Gbjefts,  which  therefore  are  feldom 
made  more  diftindt  by  the  Contraction  of  the 
Pupil;  for  it  is  a  Miftake  to  think,  that, 
upon  feeing  an  Object  confufedly,  the  Pupil 
does  always  contract  itfelf  to  the  leaft  Size  it 
is  capable  of:  The  Degree  to  which  the 
Pupil  contra&s,  does  in  fome  Meafure  indeed 
depend  on  the  Senfation  of  Confufion  in  the 
,. Object;  but,  as  fliall  be  prefently  fhown,  it 
depends  yet  more  upon  the  Degree  of  Light } 
and  in  a  faint  Light  it  is  frequently  greatly 

dilated. 
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dilated,  tho'  the  Object  be  very  confufed  and 
indiftindt 

p  r  o  p.   vn. 

§  1 2.  7he  Contraction  of  the  Pupil  depends 
more  upon  the  Strength  of  Light  than  upon  the 
Senfaiion  of  Confufwn  in  the  QbjeS. 

Dr.  Jurin  has  proved  this  in  the  follow- 
ing Manner:  "  By  Day-light,  take  any  Book, 
•f  and  '(landing  about  the  Middle  of  a  Room 
"  with  your  Back  to  the  Window,  hold  the 
"  Book  fo  near,  as  the  Letters  may  appear 
"  indiffincT:,  and  yet  not  fo  much  but  that 
«  you  can  read,  tho'  with  fome  Difficulty  ; 
"  then  turn  your  Face  to  the  Light,  and  the 
"  Book  will  be  read  with  more  eafe.  Agai& 
"  holding  the  Book  at  the  fame  Diftance 
'"  from  your  Eye,  go  into  the  darkeft  Part 
"  of  the  Room,  and  (landing  with  your 
"  Back  to  the  Light,  you  will  find  the  Book 
"  not  at  all  legible;  but,  upon  coming  to  the 
4  Window  with  your  Face  to  the  Light, 
"  you  will  be  able  to  read,  efpecially  if 
«  the  Sun  fhines,  with  great  Eafe  and  Di-> 
"  (lindtnefs. 

"  Alfo  a  Perfon  who  has  been  obliged  for 
"  fome  Years  to  ufe  Spe6lacles  in  reading, 
"  will,  in  the  Sun-fhine,  be  able  to  read  very 
"  eafily  without  them". 

From 
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From  thefe  Experiments,  it  appears,  that 
in  a  ftrong  Light  the  Pupil  contracts  to  3 
greater  Degree,  than  it  can  be  made  to  do 
by  the  Senfation  of  Confufion  only,  and  con- 
fequently,  that  it  is  a  Miftake  to  think,  that, 
upon  feeing  an  Object  confufedly,  the  Pupil 
does  always  contract  itfelf  to  the  leaft  Size  it 
is  capable  of. 

The  following  Experiment  is  alfo  very  con-, 
vincing :  Let  a  Perfon  fitting  in  the  Middle 
of  a  Room,  with  his  Face  to  the  Window, 
when  the  Sun-fhines,  view  an  Objedt  at- 
tentively placed  betwixt  his  Eye  and  the  Sun, 
and  let  the  Objeft  be  either  too  far  off  or  too 
near  for  diftinct  Vifion  ;  then  let  the  Window-* 
fliut  be  fo  far  clofed,  as  to  hide  the  Sun  and 
render  the  Room  fomewhat  darker;  when 
the  Room  is  thus  a  little  darkened,  the  Pupil 
will  be  found  dilated,  tho'  the  Obje6t  he 
contemplates  be  indiftindt,  becaufe  placed  with- 
out the  Limits  of  diftinft  Vifion,  to  which 
the  Eye  can  accommodate  itfelf.  But  when, 
the  Window-fhut  is  again  opened,  fo  as  thq 
Eye  may  receive  the  diredt  Light  of  the  Sun, 
the  Pupil  will  be  found  greatly  contracted, 
tho'  the  Object  he  views  be  brought  within 
the  Limits  of  diftindt  Vifion,  and  confequently 
be  feen  diftindly. 

From  this  Experiment,  it  is  evident,  that 
the  Pupil  is  fo  far  from  contracting  itfelf  to 

the 
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the  leaft  Size  it  is  capable  of,  upon  feeing  an 
ObjeCt  confufedly,  that,  on  the  contrary,  it 
dilates  confiderably  when  the  Light  is  faint 
and  languid,  even  when  the  ObjeCt  is  confufed 
and  indiftinCt ;  and  it  is  alfo  evident,  that  the 
Contraction  of  the  Pupil  depends  more  upon 
the  Strength  of  the  Light  than  upon  the 
Senfation  of  Confufion  in  the  ObjeCt ;  for 
the  Pupil,  which  was  pretty  large  when  the 
Eye  faw  the  ObjeCt  confufedly  in  the  faint 
Light,  contracts  itfelf  upon  admitting  the 
Light  of  the  Sun,  as  well  when  the  ObjeCt 
is  feen  diftinCtly,  as  when  it  is  feen  con- 
fufedly. 

And  of  the  fame  Kind  with  this  Experi- 
ment is  alfo  that  which  folfoweth :  Place  a 
Candle  at  fuch  a  Diftance  from  you,  as  that, 
when  it  is  viewed  in  the  Night-time,  it  may 
appear  a  good  deal  larger  than  it  ought, 
becaufe  it  is  too  remote  for  diftinCt  Vifion, 
and  becaufe  the  Pupil  is  then  much  dilated, 
which  n>uft  greatly  increafe  the  Magnitude 
of  4he  Pidture  upon  the  Retina;  if  this  fame 
Candle  be  viewed  in  Day-light,  or  even  if  it 
be  viewed  by  Night  from  a  well  lighted 
Room,  or  if  a  Flafti  of  Lightning  fhould 
happen  at  the  Time  it  is  viewed,  it  will  not. 
appear  much  bigger  than  it  ought,  by  rea- 
fon  of  the  Contraction  of  the  Pupil,  which 

corrects 
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corrects  the  Luxurianey  of  its  Pi&ure  upon 
the  Retina. 

This  Experiment  I  noticed  before;  but  as 
it  ferves  to  demonstrate  the  Doctrine  now  before 
us,  the  Reader  will  forgive  me  for  mentioning 
it  again  in  this  Place. 

P  R  O  P.  •  VIII. 

§  13.  The  Pupils  of  both  Eyes  fympathize 
-with  each  other  in  their  Motions,  Jo  that 
when  the  one  Pupil  is  contracted,  the  other  alfo 
contrails,  and  when  it  is  dilated,  the  other  alfo 
dilates. 

This  is  a  fundamental  Law  in  tbe  Motions 
of  our  Pupils ;  the  not  confidering  of  which, 
has  been  the  Gccafion  of  many  grofs  Over- 
fights  and  dangerous  Miftakes  in  Practice; 
as  might  eafily  be  fhewn,  were  this  a  proper 
Place  for  fuch  Digreffions. 

That  the  Pupils  fympathize  thus  in  their 
Motions,  will  be  evident  from  the  following 
Obfervations :  Let  a  Man,  having  a  Gutta 
Serena  in  one  of  his  Eyes,  turn  his  Face  to 
the  Light,  the  Pupil  of  the  difeafed  Eye  will 
not  be  found  much  enlarged,  while  the  other 
Eye  is  open  and  expofed  to  the  Light ;  but 
if  the  whole  Eye  be  fliut,  the  Pupil  of  the 
difeafed  Eye  will  dilate  itfelf  greatly:  The 
Reafoii  of  this  is  evident ;  for  wjien  die  whole 
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Eye  is  open,  its  Pupil  will  contract,  by  reafoii 
of  the  Senfation  which  the  Eye  has  of  the 
Light  which  enters  it ;  but  when  it  is  fhut, 
the  Pupil  will  dilate,  becaufe  there  is  then 
nothing  that  fhould  caufe  us  to  contrail  it ; 
and  therefore,  tho'  the  difeafed  Eye  be  alto- 
gether infenfible  of  Light,  and  confequently 
cannot  be  influenced  by  it,  yet,  as  its  Pupil  has 
been  in  ufe  of  moving  uniformly  with  the 
other,  from  which  a  habitual  and  cuftomary 
Connection  has  grown  up  betwixt  their  Moti- 
ons, which  makes  it  impofTible  for  us  to  move 
them  differently,  the  Pupil  of  the  difeafed 
Eye  muft  follow  the  Motion  of  the  other 
Pupil ;  and  confequently  muft  dilate  when 
the  found  Eye  is  fhut,  and  contract  when  it 
is  open.  1 

And  the  fame  Uniformity  in  the  Motions 
of  the  Pupils  may  alfo  be  obferved,  when 
both  Eyes  are  kept  open,  and  more  Light  and 
lefs  Light  is  made  to  fhine  upon  them  alternate- 
ly; for  tho'  the  difeafed  Eye,  by  reafon  of 
its  being  altogether  infenfible  of  the  Light, 
continues  quite  immoveable  in  all  Lights, 
when  the  found  Eye  is  kept  fhut ;  yet,  when 
both  Eyes  are  open,  the  Pupil  of  the  difeafed 
Eye  follows  the  Motion  of  the  other,  and 
dilates  and  contra&s  according  as  lefs  or  more 
Light  fhines  upon  the  found  Eye. 

This  Sympathy  and  Connexion  betwixt  the 
Motions  of  our  Pupils,  is   a  thing  that  was 

knownv 
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known  to   Maitre-Jean;    for  having  told 
us,    that,  in  the   Cutta  Serena,    the  Pupil  is 
always  immoveable,    he  afterwards   explains 
this,  by  telling  us,  that  it  is  not  abfolutely  fo  ; 
and  that,  when  one  of  the  Eyes  is  only  affectr 
ed,  the  Pupil  of  the  difeafed   Eye  follows  the 
Motion  of  the  other,  and  contracts  and  di- 
lates according  as  more  or  lefs  Light  fhines 
upon  the   feeing   Eye,  and  according  as  the 
vifual  Object  is  nearer  or  farther   off  (Mala- 
dies  de  I'Oeii,  Part.  2.  Chap.  4,)  It  is  therefore 
fomewhat   furprifmg,  that  this  fame   Author 
ihould,   in  the  very  fame  Place,  affirm,  that, 
in  the  Gutta    Serena,  the  Pupil  is  no  larger 
than  what  it  is  ufually,  when  we  view  Objects 
at  a  moderate  Diftance ;  for,  if  when  one  of 
the  Eyes  is  only  affected,  .the    Pupil  of  the 
difeafed  Eye  dilates  more  or  lefs,  according 
as  the  other  Eye  is  lefs  or  more    affected  by 
•'Light,  it  follows,  that  the  Pupil  of  this  difeafecj. 
Eye  muft  dilate  {till  more  when  the    other 
Eye  is  fliut,    or,    which  is  the  fame   thing, 
when,  from  an  Obflruction  in  the  Nerve,  it 
has    become  infenfible  of  the    Light  which 
enters  it;  it  therefore  feems  fomewhat  flrange, 
that  fo  knowing  an  Occulift  as  Ma  i  t  re-Je  an 
ihould  have  fallen  into  this  Miftake,  fo  contra- 
ry to  his  own  Principles,  as  well  as  to  Ex- 
perience,    But,  I  apprehend,  that  "he.  was  un- 
warily led  into  it,  by  obferving  the  State  of 
the  Pupil,   when  one  of  the  Eyes  was  only 
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affedted,     and   when   at  the    farile   time  the 
other  Eye  was  expofed  to  a  pretty  bright  Light. 
But  furely,  had  he  reflected  on  that  Sympathy 
which  he  himfelf  had  obferved  in  the  Motions 
of  our  Pupils,  he  might  eafily  have  corrected 
this  Miftake ;  for  the  natural  State  of  the  Pu- 
pil being  a  State  of  Dilatation,  and  its  Con- 
traction  a  State  of  Violence,  introduced   at 
the  Command  of  our   Wills,  for  moderating 
the  Impreffion  on  the  Retitia,  when  the  Sen- 
fation  of  Light  is  too  ftrong,    it  is   obvious, 
that,  in  the  Gutta  Serena,  the  Pupil  muft  be 
dilated,  becaufe,    the  Retina   being  altogether 
infenfible  of  the   Light,  there  is  nothing  that 
can  excite  the  Mind  to  contract  it ;  and  there- 
fore, when  both   Eyes   are  affedted  with  this 
Difeafe,  both  Pupils  muft  keep  conftantly  dilated 
and  immoveable  in   all  Degrees  of  Light,   as 
is  agreeable  to  Experience ;    and  tho',  when 
one   of  the   Eyes  is  only  affected,  the  Pupil 
of  the  difeafed  Eye  is  not  found  much  enlar- 
ged while  the  other  Eye  is  open  and  expofed 
to  Light ;    yet  this  does   not   prove  that  the 
Pupil  is  not   dilated  in  the  Gutta  Serena,  but 
only  that  this  Dilatation,  which  is  the  proper 
State  of  the   Pupil  in  this   Difeafe,  is  not  al- 
lowed to  take  place,   when  the  Pupil  of  the 
feeing  Eye  is  made  to  contract  by  the  Light 
that  enters   it:    For  when  the  feeing  Eye  is 
fhaded  from    the   Light,    the   Pupil    of  the 
difeafed  Eye  will  be  greatly  dilated,   juft  as 

when 
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when  the  feeing  Eye  is  fhut ;  and  this  Dilata- 
tion will  not  be  varied,  by  making  more 
or  lefs  Light  mine  upon  the  difeafed  Eye, 
but  will  be  varied  continually,  according  as 
more  or  lefs  Light  fhines  upon  the  feeing  Eye. 

This  Sympathy  betwixt  the  Pupils  may  alfo 
be  proved,  by  obferving  the  State  of  the  Pupils 
when  both  Eyes  are  found. 

For  this  Purpofe,  let  any  Perfon  fit  near 
the  Middle  of  a  Room,  with  his  Face  to  the 
Window  when  the  Sun  fhines,  and  let  a  Dale- 
board,  or  thin  Book,  be  applied  betwixt  the 
Eyes,  with  its  Edge  refting  on  the  Fore-head 
and  Nofe  ;  and  let  this  Dale-board  or  Book 
be  placed  in  fuch  Manner  as  it  may  hide  the 
Window  from  his  Right-eye,  while  with  the 
Left-eye  he  fees  the  whole  Window  without 
any  Impediment :  This  done,  while  he  fixes 
his  Eyes  on  fome  Point  of  the  Room  near 
to  the  Right-fide  of  the  Window  (which 
Point  muft  be  taken  fo  as  it  may  be.  feen 
by  both  Eyes),  let  him  bring  his  Hand  be- 
fore his  Left-eye,  fo  as  the  Window  may  alfo 
be  hid  from  that  Eye.  While  the  Hand  con- 
tinues before  the  Eye,  the  Pupil  of  the  other 
Eye  will  be  feen  dilated ;  but  when  the  Hand 
is  removed  from  before  the  Eye,  the  Pupil  of 
this  other  Eye  will  be  found  a  good  deal 
contra&ed. 

Here  the  Eyes  continue  fixed  on  the  fame 
Objeft,  fo  that  the  Pupil  has  no  Occafion  to 

vary 
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vaty  on  account  of  the  different  Diftanccs  of 
the  ObjeCt ;  and  as  the  Light  that  fhines  upon 
the  Right-eye  is  always  the  fame,  its  Pupil 
will  not  be  made  to  vary  by  any  Difference 
in  the  Light  that  enters  it ;  and  yet  this  fame  Pu- 
pil dilates  and  contrasts,  according  as  the  Pupil 
of  the  other  Eye  is  made  to  dilate  and  contract  | 
by  the  different  Degrees  of  Light  that  fhines 
upon  it :  And  therefore  this  Dilatation  and 
Contraction  in  the  Pupil  of  the  Right-eye 
can  proceed  from  nothing,  but  that  Sympathy 
and  Connection  that  Ufe  and  Cuftom.  have 
eftablifhed  betwixt  our  Pupils,  which  makes 
it  impoffible  for  us  to  contract  or,- dilate  the 
one,  without  at  the  fame  time  contracting 
and  dilating  the  other. 

I  obferved  before,  from  Galen,  that,  when 
one  of  the  Eyes  is  fhut,  the  Pupil  of  the  other 
dilates  confiderably,  which  is  a  further  Confir- 
-mation  of  this  Doctrine ;  for  fince  no  Light 
paffes  to  the  Retina  of  the  fhut  Eye,  its  Pupil 
muft  dilate,  and  being  dilated,  the  Pupil  of  the 
other  Eye  is  made  to  follow  its  Motion,  and  is 
therefore  foun^  dilated ;   as  Galen  obferved. 

From  this  Doctrine  many  odd  and  fur- 
prifmg  Phenomena,  to  be  obferved  in  the  Dif- 
eafes  of  the  Eyes,  might  eafdy  be  accounted 
for.  !JJut  I  fhall  here  only  mention  one,  which 
frequently  occurs  in  Practice.     It  is  as  follows : 

A  Perfon  having  a  Cataradt  in  one  of  his 
Eyes,    if,  after  keeping  both  Eyes   fhut  for 
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fome  little  Time,  he  fhali  open  the  difeafed 
Eye,  while  he  fits  oppofite  to  the  Window, 
that  you  may  the  better  fee  what  happens ;  you 
fhail  obferve,  that  the  Pupil  of  this  difeafed 
Eye,  is  at  firft  very  large,  arid  that  it  imme- 
diately contra&s  to  a  certain  Degree.  After 
the  Pupil  has  done  with  contracting,  caufe  the 
perfon  to  open  the  found  Eye,  and  you  ihall 
then  obferve  that  the  Pupil  of  the  difeafed  Eye 
contracts  yet  more  than  before,  tho'  not  quite 
to  that  Degree  that  the  Pupil  of  the  found  Eye 
is  contracted  to. 

From  the  Principles  I  have  laid  down,  fuch 
Appearances  are  no  longer  Riddles;  for  when 
both  Eyes  are  fhut,  the  Pupils  muft  dilate; 
becaufe  that  is  their  natural  State ;  and  there 
is  nothing  that  can  influence  us  to  contract  them 
while  the  Eyes  continue  fhut :  And  therefore^ 
when  the  difeafed  Eye  is  opened,  the  Pupil 
will  be  found  dilated  ;  but,  after  that  the  Eye 
is  opened,  the  Pupil  cannot  continue  long  in 
that  dilated  State,  by  reafon  of  the  Light  that 
enters  the  Eye,  which  muft  make  the  Pupil 
contract;  for  tho'  in  Cataracts  the  Opacity  of 
the  Cryftailine  is  fuch  as  deprives  the  Eye  of 
Sight,  yet  it  does  not  altogether  hinder  the 
Rays  from  getting  to  the  Retina ;  as  I  fhall  have 
Occafion  to  explain  afterwards  :  The  Light 
therefore  which  gets  to  the  -Retina  muft  canfe 
the  Pupil  to  contract,  tho'  not  to  that  Degree 

that 
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that  it  is  afterwards  made  to  contract  when 
the  found  Eye  is  opened ;  for  the  found  Eye 
being  perfectly  tranfparent,  intercepts  none  of 
the  Light,  and  therefore  its  Pupil  will  be  made 
to  contract  more  than  the  Pupil  of  the  other 
Eye,  which,  by  reafon  of  the  Cataraift,  is 
lefs  affe&ed  by  the  Light ;  and  the  Pupil  of 
the  found  Eye  being  thus  more  contracted, 
the  Pupil  of  the  difeafed  Eye  will  be  made  to 
contract  more  than  before,  by  reafon  of  that 
Sympathy  which  connects  the  Motions  of  our 
Pupils.  But,  tho'  the  Pupil  of  the  difeafed 
Eye  is  made  to  contract  more  than  before 
when  the  found  Eye  is  opened,  yet  it  does 
not  contract  altogether  fo  much  as  the  Pupil 
of  the  found  Eye  does;  aslhall  be  explained 
in  the  next  Proportion ;    to  wit, 

PROP.     IX. 

§  14.  Tho9  our  Pupils  Jjmpathize  ivitb  each 
other  in  their  Motions,  yet  they  are  not  thereby 
made  to  contra B  or  dilate  equally. 

Many  Experiments  and  Obfervations  might 
be  brought  for  illuftrating  and <  proving  this 
Proportion  ;  of  which  I  lhall  only  mention  a 
few: 

Let  a  Perfon,  fitting  with  his  face  towards 
the  Light,  fliut  one  of  his  Eyes,    the  Pupil 
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of  the  other  Eye,  tho'  it  dilates  coiifiderably, 
yet  it  will  not  dilate  altogether  £0  much  as  the 
Pupil  of  the  ihut  Eye  ;  for,  upon  opening  the 
Unit  Eye;  you  can  fee  that  its  Pupil,  imme- 
diately after  the  Eye  is  opened,  is  fenlibly 
larger  than  the  Pupil  of  the  other  Eye. 

The  Reafon  of  this  is  obvious ;    for  when 
one  of  the  Eyes  is  {hut,  its  Pupil  mull  dilate, 
becaufe  no  Light  enters  the  Eye ;    wherefore 
the  Pupil  of  the  open  Eye,  which,  by  realon 
of  the  Sympathy  that  there  is  .betwixt  the  Pu- 
pils, endeavours  to  conform  itfeif  to  the  Pari! 
of  the  fhut  Eye,  muft  alfo  dilate  and  become 
larger ;   yet  it  does  not  dilate  to  that  Degree 
that  the  Pupil  of  the  ihut  Eye  dilutes  to,   be- 
caufe, at  the  fame  Time  that  it  is  influenced 
by  the  Principle  of  Sympathy  to  conform  itfeif 
to  the  Pupil  of  the   fhut  Eye,  it  is  alio  in- 
fluenced by  another  Principle  which  afts  in 
©ppofltion  to  that   Principle ;    for  the  Light 
that  mines  upon  the  Eye,  follicits  the  Pupil  to 
contract,  and  therefore  the  Pupil  of  this  open 
Eye  will  not  be  quite  fo  much  dilated  as  the 
Pupil  of  the  fhut  Eye. 

In  like  manner,  the  Pupil  of  the  ihut  Eye 
will  not,  while  the  other  Eye  is  open,  be  di- 
lated to  that  Degree  that  it  wrould  dilate  to  if 
this  other  Eye  were  ihut ;  for,  while  it  endea- 
vours to  dilate  to  its  greateft  Extent,  becaufe 
Vol.  II.  P  it 
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it  is  intircly  deprived  of  Light,  it  is  at  the 
fame  time  influenced  to  contract,  by  the  Con-' 
tradtion  of  the  Pupil  of  the  open  Eye,  whofe 
Motions  it  alfo  endeavours  to  follow  ;    for,  as 
in  Algebra  negative  and  pofitive  Quantities  de- 
ftroy  each  other,  and  as  in  Mechanics  oppo- 
pofite  and  contrary  Jmpulfes  make  the  Body 
move  in  the  Direction  of  the  greater  Impulfe, 
not  with  a  Motion  proportional  to  that  greater 
Impulfe,  but  with   a  Motion  proportional  to 
the  Difference  of  thofe  Impulfes ;    fo  in  our 
Pupils,  when  their  Motions  are  influenced  by 
different  and  oppofite  Caufes,  they  muft  move, 
not  in  proportion  to  any  one  of  thofe  Caufes, 
but  in  proportion  to    their  Difference ;    and 
therefore,  tho'our  Pupils  fympathize  with  each 
other   in   their  Motions,    yet  they  will   not 
thereby  be  made  to  contradt  or  dilate  equal- 
\y. 

The  fame  Thing  may  alfo  be  proved,  by 
making  a  Man  to  fit  with  his  Side  to  the  Win- 
dow in  a  good  Light,  fo  as  the  Light  may  free- 
ly fhine  upon  one  of  his  Eyes,  while,  at  the 
fame  time,  the  other  Eye  is  fhaded  from  the 
Light  by  the  Projection  of  the  Nofe;  for,  in 
the  Eye  that  is  fhaded,  the  Pupil  may  be  feen 
more  dilated  than  the  Pupil  of  the  other  Eye, 
upon  which  the  Light  fhines  without  any  Im- 
pediment. 

This 
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This  Experiment  was  taken  notice   of  by 
Plempius,  tho'  not  with  a  View  to  prove 
the  Propofition  now  before  us :    For  he  was 
intirely  ignorant  of  that  Principle  of  Sympa- 
thy, whereby  the  Motions  of  our  Pupils  are 
governed.     His  Words  are :   A  varietate  autem 
lucis  variare  quoque  pupil!<e  foramen,  cuivis  pater  e 
poteft :    Nam  ft  hominis  latus  unum  luci  obvertas> 
ita,    tit  uno  gcuIo  lucem  excipiat,  confpici  poteft 
dare,  pupillain  luci  obfervam  altera  efe  JlriBio- 
rem,  jucundo  omnibus  naturalis  fcientice  cultoribus 
fpedaculo,    {Ophthalmograph.   Lib.   1.   Cap.  ii.) 
But,  to  render  this  Experiment  (till  more 
fenfible,    it  may  be   proper  to  place  a  fmall 
Dale-board,  or  thin  Book,  betwixt  the  Eyes, 
fo  as  the  Shade  that  falls  upon  the  Eye  may 
thereby  be  made  ftrongeiv 

This  Doctrine  is  ftil]  further  confirmed  from 
the  Qbferxation  of  M.  Du  Fay  (I9  Hif.  de 
l9  Acad.  Roy.  ann.  1 7 35) ;  for  if  one  Eye  be 
fhut,  and  the  other  open,  and  if  we  thus  enter 
into  a  dark  Room,  and  then  open  both  Eyes, 
we  may  perceive  the  weak  Light  of  a  Diamond 
with  the  Eye  which  was  fhut,  which  will  not 
be  feen  by  the  other  Eye,  became'  its  Pupil  is 
not  fo  much  dilated. 

Many  more  Experiments  and  Obfervations 
.of  this  Nature  might  be  added.  But,  as  I 
like  not,  without  Necefhty,  to  multiply  Ex- 
amples of  the  fame  Kind,   I  fliall  conclude 
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with  the  following  one  from  M.  de  la  Hire. 
This  famous  Academician  tells  us,    (in   his 
Diflertation  Sur  les  differ  ens  Accidens  de  la  Veiie), 
That,  after  that  one  has  for  fome  Time  view- 
ed a  very  luminous  Body  thro'  a  Telefcope, 
Objefts  may  be  obferved  to  appear  a  great 
deal  darker  to  the  Eye  that  was  employed  in 
looking  through  the  Telefcope,  than  to  the 
other  that  was  kept  fhut.     It  is  eafy  to  make 
this  Experiment  in  the  Twilight,  by  looking 
alternately  with  both  Eyes  to  a  white  Wall  or 
Sheet  of  white  Paper,  after  that  one  has  view- 
ed the  Moon  with  a  Telefcope.     The  Reafon 
of  this  Phenomenon  can  be  nothing  but  the  Con- 
traction of  the  Pupil,  occafioned  by  the  great 
Light ;  for  the  Brightnefs  of  the  Object  makes 
the  Pupil  contract  as  much  as  is  poffible ;    but 
the  Pupil  of  the  fhut  Eye  will  be  much  larger, 
becaufe  it  contracts  only  by  Sympathy ;    and 
therefore  it  mud  allow  more  Light  to  enter  the 
Eye,  which  mufl  make  the  Obi  eel  appear  whiter 
to  this  Eye  than  to  the  other;   and  the  Objedt 
appearing  whiter  to  this  Eye  than  to  the  other, 
is  a  clear  Proof  that  its  Pupil  is  larger,  and 
confequently  that  the  Principle  of  Sympathy 
does  not  make  our  Pupils  contrad:  or  dilate 
equally.     But  it  is  carefully  to  be  obferved, 
that  if  the  white  Wall  or  Paper  that  one  looks 
at,  after  viewing  the  luminous  Body  with  the 
Telefcope,    be  ftrongly  illuminated,    as   with 

Day- 
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Day-light,  the  Experiment  will  not  fucceed; 
for  the  great  Light  of  the  Gbjed  will  affecl: 
the  Retina  of  both  Eyes  fo  fenfibly  that  we 
cannot  diftinguiih  any  Difference  in  the  Im- 
preiTions,  or  in  the  Senfations.  arifing  there- 
from. , 

§  1 5.  Now,  the  Mechanifiii  by  which  this 
Contraction  and  Dilatation  of  the  Pupil  is 
performed,  confifts  in  the  Dlfpcfition  of  the 
mufcular  Fibres  of  the  Uvea;  for,  as  we  have 
before  obferved,  in  fpeaking  of  the  Stru&tire 
of  the  Eye,  the  Uvea,  befides  its  membranous 
Fibres,  has  two  Orders  of  mufcular  ones ;  of 
which  the  one,  being  circular,  furrounds  and 
embraces  the  Pupil  like  a  SphinBer.  Thefe 
therefore,  by  contracting,  mufl  leffen  the  Pu- 
pil more  or  lefs,  as  Circumftances  may  require. 
The  other  Order  of  Fibres  crofs  thefe  juft  now 
named  at  Right-angles;  for  they  arife  from 
the  Circumference  of  the  Uvea  where  it  joins 
the  Choroides,  and  paffing  ftreight  along  the 
Uvea,  like  Rays  drawn  from  the  Circumference 
towards  the  Centre,  are  inferted  all  round  its 
inward  Edge,  where  it  forms  the  Pupil ;  and 
therefore,  when  they  contract,  the  Pupil  mud 
be  enlarged.  But,  fince  I  have  already  de-r 
monftrated,  that  the  natural  State  of  the  Pupil 
•is  a  State  of  Dilatation,  both  thefe  Planes  of 
Fibres  mufl:  be  in  Equilibrio  when  the  Pupil 
is  dilated;  and  therefore,  tho'  the  Pupil  can- 
not 
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not  be  contracted,  but  by  the  mufcular  Con- 
traction of  the  circular  Fibres,  by  which  alfo 
the  longitudinal  ones  will  be  extended ;  yet,  in 
order  to  dilate  the  Pupil,  no  mufcular  Contracti- 
on of  the  longitudinal  Fibres  will  be  neceflary : 
All  that  is  neceflary,  is,  that  the  circular  Fibres 
ceafe  to  contract ;  for  the  longitudinal  Fibres, 
which  had  been  extended  by  the  Contraction 
of  the  circular  ones,  will,  by  their  natural  E- 
lafticity  alone,  then  return  to  their  natural 
Stare,  and  by  returning  thus,  will  enlarge  the 
Pupil  more  or  lefs,  according  as  the  circular 
Fibres  are  more  or  lefs  relaxed.  And  this  is 
the  Reafon  why  the  Pupil  is  fo  much  dila- 
ted in  .the  Apoplexy,.  Syncope:,  Amanrofis, 
in  Time  of  Sleep,  and  for  fome  Time  after 
Death. 

§  1 6.  M.  Mery,  of  the  Academy  of  Sciences, 
not  being  able  to  difcover  the  circular  Fibres  of 
the  Uvea,  framed  a  Hypothefis  for  explaining 
the  Motions  of  the  Pupil  by  means  of  the  lon- 
gitudinal Fibres  alone ;  and  being  convinced, 
from  the  Dilatation  of  the  Pupil  in  the  Gutta 
Serena,  Syncope,  and  after  Death,  that  the  natu- 
ral State  of  thefe  Fibres  is  to  be  contracted, 
and  to  hold  the  Pupil  open,  he  fuppofed  that 
the  Pupil  was  contracted  by  an  Elongation  of 
thofe  Fibres,  occafioned  by  an  Influx  of  ani- 
mal Spirits  into  them ;  fo  that,  according  to 
him,  as  other  mufcular  Fibres  are  contracted 
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by  an  Influx  of  Spirits ;  thefe  of  the  Uvea  are, 
on  the  contrary,  lengthened  by  fuch  an. Influx, 
(Mem.  del' Acad.  ami.  1704).  But  this  Hypothe- 
fis  being  fo  obvioufly  contrary  to  the  ufual 
CourJfe  and  Tenor  of  Nature,  has  therefore 
been  juftly  rejected  by  moil  Authors  of  any 
Character;  and  indeed,  it  would  require  fome 
ftronger  Proof,  than  any  thing  that  has  been 
brought  by  M.  MerY,  to  perfuade  us  that  the 
Action  of  mufcular  Fibres,  which  every  where 
elfe  confiits  in  Contraction,  does  in  the  Uvea 
confift  in  Elongation. 

§  17.  The  chief  Argument  he  brings  for 
this,  is  his  not  having  been  able  to  difcover 
any  circular  Fibres.  But,  by  the  fame  way  of 
Reafoning,  he  might  as  well  maintain,  that  the 
Antenna  of  Flies,  and  the  Limbs  of  Mites  and 
other  minute  Animals,  are  not  moved  by 
Mufcles  or  mufcular  Fibres  ;  became  fuch 
Mufcles  and  Fibres  are  not  to  be  feen  in  fuch 
Animals  ;  and  yet  no  Body  doubts  but  the 
Limbs  of  the  moft  minute  Animal,  and  the 
Antennas  of  Flies,  are  all  moved  by  true  Muf- 
cles, and  mufcular  Fibres,  as  well  as  the  Limbs 
and  Probojfu  of  an  Elephant ;  and  therefore, 
tho'  the  circular  Fibres  of  the  Uvea  were  quite 
invifible,  it  would  not  from  thence  follow, 
that  they  are  wanting,  fince  their  Effects  are 
as  much  feen,  as  the  Effects  of  mufcular 
Fibres  in  the  Limbs  of  minute  Animals.     And 

furely 
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furely  it  is  more  agreeable  to  the  Analogy  of 
Nature,  to  fuppofe  fuch  circular  Fibres,  tho* 
they  were  fuch  as  could  not  be  diftinctly  feen, 
than  to  fuppofe  that  the  Action  of  the 
longitudinal  Fibres  of  the  Uvea  confifts  in 
Elongation;  of  which  not  fo  much  as  one 
fingle  Inftance  or  Example  is  to  be  found 
any  where  elfe  in  the  wholeCompafs  of  Na- 
ture. 

§  1 8.  What  further  M.  Mery  adds  in  fa- 
vour of  his  Doctrine,  is  all  taken  from 
the  following  Experiment,  viz. 

Let  the  Head  of  a  living  Cat  be  immerfed 
into  Water,  while  at  the  fame  time  its  Head 
and  Eyes  are  kept  expofed  to  the  Sun,  and 
you  ihall  find  that  the  Pupil,  in  place  of  being 
made  to  contract  by  the  ftrong  Light,  will  be 
greatly  dilated;  whereas,  on  the  contrary,  fo 
foon  as  the  Cat  is  taken  out  of  the  Water, 
its  Pupil  will  be  made  to  contract  by  the  fame 
Light  fhining  upon  its  Eyes. 

M.  Mery  having  alio  obferved,  that  while 
the  Cat's  Eyes  are  under  Water,  the  Choroides 
and  its  VefTels,  and  the  Entry  of  the  optic 
Nerve,  are  all  diftinctly  feen,  and  that  they 
are  not  at  all  feen  in  the  Air,  concludes,  that 
more  Light  enters  the  Eye,  when  the  Eye  is 
in  the  Water,  than  when  it  is  in  the  Air ;  from 
which  Difference  in  the  Light,  the  Choroides 
becomes  vifible  in  the  former  Cafe,  and  invi- 

fible 


Chap.  V.  Of  the  Pupil  and  its  Motions,  &c.   ini 

fible  in  the  latter.  The  Reafon  he  gives  why 
more  Light  enters  the  Eye  when  under  Wa- 
ter than  in  Air,  is,  the  Roughnefs  and  Ine- 
quality of  the  Surface  of  the  Cornea,  which 
makes  it  reflect  a  good  deal  of  the  incident  Light, 
when  the  Corned  is  in  Air;  but  in  Water  this 
Roughnefs  being  taken  off  by  the  Particles  of  the 
Water,  which  by  filling  up  all  the  Inequalities/ 
brings  the  Surface  to  a  more  exact  Polifli, 
lefs  Light  will  be  reflected,  and  more  tranf- 
mitted. 

§  19.  From  thefe  Obfervations  M.  Mery 
concludes,  that  the  Fibres  of  the  Uvea  are 
lengthened  for  contracting  the  Pupil,  not  by 
any  mechanical  Action  of  the  Rays  upon  them* 
but  by  an  Influx  of  animal  Spirits  into  the  Fi* 
bres  themfelves.  His  Reafoning  is  in  Subitance 
this: 

Since  (according  to  him)  more  Light  enters 
the  Eye*  when  the  Eye  is  in  the  Water,  thaii 
when  is  it  in  the  Air,  did  the  Elongation  of  the 
Fibres  proceed  from  any  mechanical  Actioirof 
the  Rays  upon  the  Fibres,  the  Pupil  would 
be  more  contracted  in  Water  than,  in  Air, 
which  is  contrary  to  Experience  :  On  the  other 
hand,  fuppofmg  the  Elongation  of  the  Fibres 
to  be  caufed  by  an  Influx  of  Spirits,  and  this 
Influx  to  be  occafioned  by  the  Light  that  paf- 
fes  into  the  Eye,  yet  (fays  he)  when  the  Eye 
h  under  Water,  thefe  Fibres,  in  place  of  being 

Vol*  IL  Q^  lengthened. 


222  Of  the  Pupil  and  its  Motions,  &c.  Book  III, 

lengthened,  will  be  contracted,  notwithftanding 
the  great  Light  that  pafles  into  the  Eye ;  and 
that  becaufe,  under  Water,  the  Animal  being 
hindered  from  Breathing,  the  Motion  of  the 
Spirits,  which  depends  upon  the  Circulation  of 
the  Blood,  and  confequently  on  Refpiration, 
muft  be  interrupted*  and  therefore  cannot  ex- 
tend the  Fibres  of  the  Uvea;  which  Fibres  will 
therefore,  by  their  natural  Elafticity,  contract, 
and,  by  contracting,  enlarge  the  Pupil :  Where- 
as, on  the  contrary,  fo  foon  as  the  Cat  is  ta- 
ken out  of  the  Water,  the  Pupil  will  be  m^de 
to  contract  by  the  fame  Light  ihining  upon  its 
Eyes ;  becaufe  then  the  Motion  of  the  Spirits 
is  no  longer  interrupted,  but  are  at  Liberty  to 
flow  freely  into  the  Fibres  for  contracting  the 
Pupil  more  or  lefs,  in  proportion  to  the  Light 
that  adts  upon  the  Eye. 

§  20.  This  is  in  Subftance  what  M.  MerT 
advances  on  this  Head.  And,  indeed,  were  it 
true,  that  the  Pupil  was  made  to  contract  by 
an  Elongation  of  the  longitudinal  Fibres  of 
the  Uvea,  it  would  not  be  difficult  to  fhew, 
that  this  Elongation  behoved  to  be  performed 
by  an  Influx  of  Spirits,  and  not  by  any  me- 
chanical ACtion  of  the  Rays  themfelves ;  and 
yet  we  are  far  from  thinking  that  M.  Mery's 
Rcafoning  proves  this ;  And  that  for  thefe 
Reafons  : 

ft 
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iji9  Tho*  the  Surface  of  the  Cornea  be 
fuppofed  fomewhat  rough  and  unequal,  yet 
being  always  kept  wet  with  the  Liquor  that 
comes  from  the  Lachrymal  Gland,  the  Quanti- 
ty of  Light  refle&ed  by  it,  when  the  Eye  is 
in  the  Air,  will  not  exceed  the  Quantity 
*  refle&ed  by  the  Surface  of  the  Water  when 
the  Eye  is  under  Water:  For,  to  fpeak  pro- 
perly, when  the  Eye' is  in  the1  Air,  it  is  not 
the  Cornea  itfelf,  but  the  Surface  of  the  Liquor 
with  which  it  is  moiflened,  that  refte&s  the 
Light ;  and  therefore  nearly  the  fame  Quanti- 
ty will  alfb  be  refle&ed  from  the  Surface  of  the 
Water  when  the  Eye  is  in  Water.  This  is 
contrary  to"  the  Opinion  of  M.  Mery,  who 
maintains  that  a  great  deal  of  Light  is  loft 
on  the  Cornea  in  Air,  and  does  not  confider 
that  as  much  mull  be  loft  on  the  Surface  of 
the  Water.     But, 

2///)',  Tho*  the  Choroides  be ;  diftiri&ly  feen 
under  Water,  and  not  at  all  In  Air,  it  does 
not  from  thence  follow,  that  more  Light 
enters  the  Eye  in  the  former  Cafe  than  in  the 
latter;  but  only,  that  more  of  that  Li'ght 
paffes  to  the  Bottom  of  the  Eye,  becaufe  of 
the  Dilatation  of  the  Pupil:  For  as  Objefts  in 
a  Chamber  are  fo  much  the  more  illuminated 
and  better  feen,  that  the  Windows  are  large, 
fo,  in  the  Eye,  the  Choroides  will  be  feen 
diftin&ly  when  the  Eye  is-,  under  Water,  tho* 

no 
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no  more  Light  paffes  thro'  the  Cornea  than 
when  it  is  in  Air;  becaufe  the  Pupil  is  then 
enlarged,  and  allows  more  of  that  Light  to 
pafs.to  the  Bottom  of  the  Eye  for  illuminating 
the  Ckoroides. 

M*  Me ry  .feems  to  have  been  aware  of 
this  Anfwer ;  to  prevent  which  he  therefore 
affirms,  that  in  the  Eye  of  a  dead  Cat,  the 
Ckoroides,  which  is  feen  under  Water,  cannot 
at  all  be  perceived  in  the  Air,  tho'  the  Pupil 
continues  equally  dilated  in  both  thefe  Me- 
diums after  the  Animal's  Death. 

§  21.  But,  allowing  this  Experiment  to 
be  true,  of  which  neverthelefs  I  have  fomc 
doubt,  becaufe  the  Fren ch  Academifts  tell  us, 
that,  in  the  Eye  of  a  dead  Lion,  which  they 
diffected,;  the  Ckoroides  was  feen  of  a  Gold" 
colour  thro*  the  Foramen  of  the  Uvea ;  which 
makes  it  probable,  that  it  may  alfo  be  feen 
iry  Cats,  which  have  lb  great  a  Conformity 
with  the  Lion  in  the  Structure  of  all  their 
Parts,  both  external  and  internal,  that  there 
appears  fome  Ground  for  the  Fable  of  the 
Alcoran,  which  fays,  that  the  Cat  is  "none  of 
God's  Creatures,  but  that  it  was  firft  produced 
in  the  Ark  by  the  fneezing  of  the  Lion,  To 
nie  therefore  it  feems  probable,  that  Mery's 
Cat  has  had  its  'Cor ma  rendered  opaque,  by 
being  too  long  expofed  to  the  Air,  and  that 
it  became  more.  transparent,  by  being  moiftened 

in 


Cliap.  V.  Of  the  Pupil  and  its  Motions,  &c.  125" 

in  the  Water.  But,  I  fay,  allowing  this  Ex- 
periment to  be  true,  It  can  eafily  be  accounted 
for,  from  the  well  known  Principles  of  Optics, 
without  having  recourfe  to  the  groundlels 
Suppofition,  that  more  Light  paffes  thro'  the 
Cornea,  when  the  Eye  is  under  Water,  than 
when  it  is  in  the  Air. 

For  underftanding  this,  Let  EEF  (Plate 
I.  Fig.  9.)  be  the  Eye  of  a  Cat  in  the  Air, 
OE,  OE  parallel  Rays  falling  on  the  Cornea; 
thefe  Rays,  by  the  Refraction  of  the  Cornea 
and  Humours  of  the  Eye,  will  be  made  to 
converge  to  the  Point  F  in  the  Bottom  of 
the  Eye;  and  from  the  Point  F  they  will 
be  again  reflected  to  E,  and  E  from 
thence  will  be  refracted  to  O,  and  O  in  the 
Lines  EO,  EO;  which  Lines  being  parallel 
to  one  another,  it  may  be  thought  that  we 
fliould  fee  the  Point  F,  becaufe  our  Eyes  are 
fo  made  as  to  fee  pretty  diftin&ly,  by  means 
of  parallel  Rays;  and,  for  the  fame  Reafon, 
we  ought  alfo  to  fee  all  the  other  Points 
of  the  Choroides:  Yet  no  Part  of  this  Mem- 
brane is  feen  while  the  Eye  continues  in  Air; 
but  it  is  all  diftindtly  feen,  when  the  Eye  is 
immerfed  in  Water. 

But,  that  I  may  the  better  explain  this, 
I  fhall  next  examine  the  Courfe  of  the  Rays 
when  the  Eye  is  in  Water ;  for  which  Purpofe, 
let  the  Line  WW  reprefent  the  Surface  of  the 

Water ; 
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Water;  which  being  of  equal'Denfity  with  the 
aqueous  Humour  and  Cornea,  it  is  evident,  that 
the  Rays  FE,  FE,  which  ate  reflected  from 
the  Point  F,  will  not  be  refradted  by  the 
Water  at  the  Points  of  Incidence  E,  E,  but 
will  proceed  in  their  ftreight  Courfe  from  E 
to  W;  but,  in  paffing  out  of  the  Water  into 
the  Air  at  W  and  W,  they  will  be  refradted 
from  the  Perpendicular,  and  ctinfeqiiently  will 
become  more  diverging  than  before.  This 
being  the  Courfe  of  the  Rays,  it  follows,  that 
the  Eye,  by  means  of  thofe  diverging  Rays 
which  are  now  directed  as  if  they  proceeded 
from  the  Point  f,  will  fee  the  Point  F  with 
the  greatefi  Diftindtnefs,  as  if  placed  in  f. 
And  the  fame  Thing  holds,  with  regard  to 
all  the  other  Points  of  the  Chor aides,  which 
will  therefore  be  diftindtly  feen,  not  in  their 
proper  Place,  but  nearer,  betwixt  that  and 
the  Cornea. 

Having  fhewn  the  Effect  of  the  Water  in 
making  the  Choroides  to  be  feen  with  great 
Diftindtnefs,  when  the  Eye  is  under  Water, 
it  remains  that  I  now  fhew  why  this  Mem- 
brane cannot  be  feen  in  Air  by  means  of  the 
parallel  Rays  EO,  EO.  The  Reafon  is  fhort- 
ly  this,  when  the  Cornea  is  in  Air,  it  adts  the 
Part  of  a  Mirror,  becaufe  it  is  polifhed,  and 
of  a  convex  Mirror,  becaufe  of  its  Figure ; 
it  jnuft  therefore  have  its  Focus  %  little  behind 

it; 
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it;  for  convex.  Mirrors  raffed  parallel  Rays,  fp 
.as  to  make  them  diverge  from  a  Point  be- 
hind in  the  Mid-way  between  the  Speculum  and 
its  Centre,  as  Opticians  iaye  demonftrated. 
And  this  being  fo,  the  Sun  and  lucid  Sky,  ftcum 
which  thofe  parallel  Rays  proceed,  muft  ;be 
feen  at  the  Diftance  of  Half  the  Radius  behind 
the  Cornea*  which,  by  their  Brightnefs,  may 
hinder  us  from  feeing  any  other  Objedl  beyond 
them,  luch  as  the  Choroides :  But,  when 
this  fame  Cornea  is  in  Water,  the  fmall  Differ- 
ence that  there  is  betwixt  its  Denfity  and  that 
of  Water,  makes  them,  in  a  phyfical  Senfe, 
homogeneous  :  The  Cornea  therefore  is  no 
longer  a  convex  Mirror ;  it  can  have  no  more 
Effe<5l  on  the  Rays  than  if  it  were  fo  much 
Water,  and  confequently  the  Choroides  will 
be  feen  thro*  it,  as  well  as  thro'  fo  -much 
Water ;   as  is  agreeable  to  Experience. 

§  22.  And  as  M.  Mery  is  miftaken  in  the 
Account  he  has, given  us,  why  the  Choroides  of 
a  Cat  is  feen  in  Water,  and  not  in  Air ;  fo  he 
feerns  to  be  as  much  miftaken  in  what  he  fays 
with  regard  to  the  Dilatation  of  the  Pupil  under 
Water, 

That  the  Motion  of  the  Spirits  depends  upon 
the  Circulation  of  the  Blood,  and  this  again 
on  Refpiration,  will  not  be  denied ;  but  neither 
the  Motion  of  the  Blood  nor  Spirits  ceafe  im- 
mediately upon  the  Suppreffion  of  Refpiration, 

but 
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but  are  obferved  to  continue  not  fenfibly  im- 
paired for  a  confiderable  Time  thereafter ;  and 
that  it  is  not  for  want  of  Spirits  to  contract 
the  Pupil,  that  the  Pupil  is  fo  much  dilated 
und^r  Water,  is  evident  from  the  Struggle  that 
the  Animal  makes  at  that  very  Time  its  Pupil 
is  dilated ;  for  no  Animal  can  ftruggle  or 
make  any  Effort  whatever,  without  fending  Spi^ 
rits  into  the  Mufcles  employed  therein.  And 
this  fhews,  that,  at  that  Time,  there  is  no  Want 
of  Spirits  for  contracting  the  Pupil,  as  our  Au- 
thor fuppofes* 

§  23.  The  true  Caufe  of  this  Dilatation 
feems  to  be  twofold  : 

1  ft,  When  the  Eye  is  under  Water,  there 
will  be  no  Refraction  of  the  Rays  at  their  In- 
cidence on  the  Cornea,  and,  for  Want  of  this 
Refraction,  they  will  not  converge  to  a  Point 
in  the  Retina,  but  to  fome  other  Point  a  great 
Way  beyond  it,  and,  by  confequence*  muft 
take  up  a  confiderable  Space  upon  the  Retina, 
which  will  therefore  be  but  weakly  affected  by 
thefe  fcattered  Rays;  and  the  Retina  being 
thus  weakly  afFecled,  the  Pupil,  which  always 
dilates  more  or  lefs*  according  as  the  Seufatioii 
of  Light  is  weaker  or  ftronger,  muft  therefore 
be  much  more  dilated*  when  the  Eye  is.  in 
Water,  than  when  it  is  in  Air.     But, 

qily,  Another  Reafon  for  this  Dilatation  of 
the  Pupil,  may  be  gathered  from  that  Power 

which 
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which  Cats  are  obferved  to  retain  over  the 
Motions  of  their  Pupils,  lit  Man  'and  moll 
other  Creatures,  the  Motion  of  the  Pupil,  how* 
ever  voluntary  it  may  have  been  from  the  Be*. 
ginning,  is,  by  Ufe  and  Cuftom,  at  laft  made 
neceffary,  infbmuch  that  it  always  follows  the 
Degree  of  Light  that  fhines  upon  the  Eye; 
When' the  Light  is  ftrong,  it  contrads  ;  when 
it  is  weak,  it  dilates.  Neither  is  it  in  our 
Power  to  do  other  wife,  becaufe  we  have  ao 
cuftomed  ourfelves  to  move  our  Pupils  in  this 
Manner ;  for  it  is  certain,  that  Cuftom  and 
Habit  make  many  Actions  neceffary,  which. 
were  not  fo  originally  and  from  the  Begirtr 
ning. 

But,  in  the  Cat,  the  Motion'  of  the  Pupil 
continues  altogether  voluntary ;  for,  as  this 
Creature  has'freqitentOccafionsto  be  attentive 
to  every  Thing  that  paffes  round  about  it,  it 
mu'ft  dilate  the  Pupil,  that' the  Ffeld  of  Vifion 
may  thereby  be  enlarged,  and  that  the  Eye 
may  take  in  the  more  Object's  at  a  Time; 
but  not  being  able  to  bear  much  Light,  that 
its  Eyes  may  not  be  hurt  by  the  Light,  it 
fliuts  and  opens  its"  Pupil  alternately,  as  we  do 
our  Eye-lids  wheti  we  view  an  Obje£t  in  tod 
ftrong  a  Light.  And  thus  this  Creature  pre- 
ferves  its  natural  and  connate  Liberty  of  open- 
ing and  (hutting  its  Pupil  at  Pleafure,  with- 
out regard  to  the  Light  that  enters  the  Eye : 

Vol.  II.  R  Whence 
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Whence  it  may  be  ohfav§d?  that  when  a  Cat 
is  in  a  bright  Light,  and  in  an  eafy  carelefs 
State,  its  Pupil  is  alnioft  fhut,  to  exclude  the 
Light,  that  it  may  not  offend  the  Eye.  But 
if  any  Thing  happens  of  a  hidden,  that  en- 
gages its  Attention  to  what  pailes  about  it,  it 
then  opens  its  Pupil  all  it  can,  and  at  once^  tho' 
there  be  no  Change  in  the  Light  that  fhines  up- 
on the  Eye.  This  was  obfervedby  the  famous 
Monf.  ds  la  Hire  (Mom.  de  V  Acad.  ami.  1709.) 
And  it  may  be  the  more  depended  upon, 
that  much  the  fame  Thing  was  alfo  obferved 
long  before,  bpth,  by  Aq^uapendent  and 
Plempius.  (See  Acluapendent  de  Oculo, 
Part,  3*  Cap.  6.  and  Plemp.  Ophthalmog* 
Lib,  1.  Cap.  ix.) 

Taking  it  then  for  granted,  that  the  Motion 
6f  the  Pupil  in  pats  continues  altogether  vo~ 
lwitaryy  in  the  common  Acceptation  of  the 
Word,  it  nepds  be  no  Wonder  that  this  Crea- 
ture fhould  dilate  its  Pupil  greatly  when  under 
Water  y  for,  when  under  Water,  the  Creature 
being  very  uneafy,  and  in  great  Terror,  it 
endeavours  all  it  can  to  be  attentive  to  every 
Thing  that  paSes  all  round  it,  and  therefore 
dilates  its  Pupil,  that  the  Field  of  Vifion  may 
be  enlarged,  and  that  its  Sight' may- extend 
to  as.  many  Obje£b  as  is  jpofiible.  And  this 
alone  feems  fufficient  to  account  for  the  Phe- 
nomenon   in  Queftion,    tho'  the   Senfation   of 

Light 
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Light  were  as  ftrong,  when  the  Eye  is  in 
Water,  as  when  it  is  fit  Air  ;  the  contrary 
of  which  has  alio  been  proved  from  uncpiefti* 
enable  Principles. 

§  24.^  Having  fhewn  that  the  Contraction 
and  Dilatation  of  the  Pupil  depends  on  the 
Contraction  and  Relaxation  of  the  circular 
Fibres  of  the  Uvea,  k  may  be  afked>  how  it 
comes  to  pafs  that  thefe  Fibres  are  lb  regularly 
contracted  and  relaxed,  according  to  the  Laws 
above  explained;  for  Inftance,  what  deter- 
H&nes  tlie  circular  Fibres  to  contract  for  leffen- 
ing  the  Pupil,  when  tlie  Light  is  ftrong  and 
the  Object  luminous ;  and,  on  the  contrary, 
w4iat  determines  them  to  be  relaxed  for  open- 
ing the  Pupil,  when  the  Light  is  weak, 
and  when-  the-  Object  is  but  faintly  illumi- 
nated? 

That  tliis  does  not  proceed  from  the  Action 
of  the  Rays  upon  tho  Fibres  of  the  Uvea,  or 
upon  the  Nerves  belonging  to  them,  as  fome 
have  imagined,  is,  I  think,  very  certain  ;  for 
(as  I  have  already  obferved)  when  one  of  the 
Eyes  is  affected  with  a  Cataract,  the  other  be- 
ing found,  tlie  Pupil  of  the  difeafed  Eye  does 
not  contract  fo  much  as  the  Pupil  of  the  found 
Eye,  as  may  eafily  be  ieen  by  expofmg  both 
Eyes  alternately  to  the  fame  Degree  of  Light, 
while,  at  the  fame  time,  the  other  Eye  is 
kept  ihut>     Here  the  Light  falling  upon  both 
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the  Uveas,  is  equals  and  yet  the  Contraction 
of  the  Fibres  is  unequal :  This  Contraction 
cannot  therefore  be  caufed  by  the  Action  of 
the  Light  upon  the  Uvea,  becaufe  BffeCts  are 
always  proportional  to  the  Caufes  producing 
them. 

In  like  manner,  in  a  confirmed  Gutta  Serena, 
or -perfeCt  Infenfiblity  of  the  Retina,  thefe 
Fibres  are  not  at  all  contracted  by  the  Light 
that  ftrikes  the  Uvea  ;  for  the  Pupil  remains 
equally  wide  in  all  Lights,  and  is  not  more 
contracted  in  the  brighteft  Sun-lhine,  than  in 
the  obfcureft  ihade ;  which  would  not  hap- 
pen, were  the  ACtion  of  Light  on  the 
circular  Fibres  the  Caufe  of  their  ContraCti- 
on. 

But^  if  it  fhguld  be  alledged,  that  in  the, 
Gutta  Sere?ia,  the  Nerves  of  the  Uvea  are  alfo 
obftruCted,  and  that  the  Immobility  of  the 
Pupil  is  owing  to  a  Paralyfis  of  the  mufcular 
Fibres  of  this  Tunicle ;  to  this  I  anfwer, 
That  a  plain  Experiment  fhews  the  contrary. 
Thus,  when  one  of  the  Eyes  is  affeCted  with  a 
Gutta  Serena,  while  the  other  Eye  is  found, 
tho'  the  Pupil  of  the  difeafed  Eye  remains  im- 
moveable and  of  the  fame  Size  in  every  De- 
gree of  Light,  when  the  found  Eye  is  cover- 
ed or  kept  fhut ;  yet,  if  the  found  Eye  be 
expofed  to  the  Light,  the  Pupil  of  the  dif- 
eafed Eye,  which -Slewed  no. Motion  before, 

will 
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will  be  made  to  contract  more  or  lefs*,  accord- 
ing as  more  or  lefs  Light  fhines  upon  the  found 
Eye.  This  therefore  plainly  fbews,  that 
when  the  found  Eye  is  f hut,  the  Defed  of 
Motion  in  the  morbid  one  ^  does  not  proceed' 
from  any  Paralyjls  of;  the  ;Flbxes  of  the  Uvea, 
but  only  from  the 'Want  of  that  Caufe, 
whatever  it  be>  that  determines  them  to  con- 
tract 

I  might  here  further  add,  that  the  Con- 
traction of  the  Pupil  is  not  only  determined 
by  the  Quantity  of  Light  that  fliines  upon  the 
Eye,  but  alfo  by  the  Indiftinctnefs  of  the  Ob- 
ject, of  .which  fince  the  Light  -finking  the 
Uvea  can  give  us  no  Notice  or,  Inform ati- 
on,  it  follows,  that  the  Motions  of  the 
Pupil  muft  proceed  from  fomc  other  Caufe, 
than  the  Action  of  the  Rays  upon  the  Fibres 
of  the  Uvea. 

§  25.  What  this  Caufe  is,  falls  now  to  be 
explained:  And,  fmce  we  find  that  the: Pupil 
is  always  made  to  contract  when  the  Sulfati- 
on of  Light  is  ftrong,  and  when  the  -Object 
appears  indiftinct,  to  me  it  feems  evident, 
that  the  Caufe  of  this  Contraction  can  lie  no 
where  but  in  the  Mind,  which  being  a  wife 
Agent,  wills  the  Contraction  of  the  Pupil  for 
intercepting  a  Part  of  the  Light,  and  rej 
moving  the  uneafy  Senfation  when  the  Light 
h  ftrong,  and  for  making  the  Object  appear. 

more 
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more  diftindt  when  its  Picfture  oil  the  Retina  is 
confufed.  Hence  when  no  Light  enters  the  Eye, 
or,  which  is  the  fame  Thing,  when  the  Re- 
tina is  infefifible  of  the  Light  that  enters  it, 
by  reafon  of  an  Obftru&ion  or  Paralyfts  of 
the  Nerve,  the  Pupil  is  always  greatly  diliated;. 
for  there  being  then  nothing  that  can  influence' 
the  Mind  to  contract  the  Pupil,  it  does  hot 
then  employ  its  active  Power  in  willing  that 
Motion;   and  therefore  the  Pupil  muft,  of  it- 
Mf,  fall  into  a  State  of  Dilatation  by  the  na- 
tural Contraction  of  the  longitudinal  Fibres'* 
which  are  not  in  Equilibrio  with  the-  circular 
ones,  till,  by  contracting,  they  have  enlarged 
the  Pupil  to  its  greateft  Size. 

§  26.  Againft  this  Docjtrine  feveral  Objecti- 
ons may  be  made  ;   fuch  as, 

Fir  ft, If  the  Contraction  of  the  Pupil  de- 
pends on  the  Senfation  that  arifes  from  the 
Light  that  ftrikes  the  Retina,  haw  comes  it 
to  pafs,  that  in  Cataracts  the  Pupil:  preferves 
its  Motions,  and  contracts  and  dilates  ac- 
cording to  the  Light  that  Ihines  upon  the 
Eye,  notwithstanding  the  Opacity  of  the  Cry- 
stalline, which  hinders  the  Light  from  beinr 
tranfmitted  to  the  Retina  ? 

To  this  I  anfwer,  That  tho*,  in  Cataradts, 
the  Opacity  of  the  Cryftalline  be  fuch  as 
deprives  the  Eye  of  Sight,  yet  it  does  not 
altogether  hinder  the  Rays  from  getting  to 

the 
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the  Retina ;  for  it  is- Matter  of  Experience, 
that  all  who  have  Catara&s  arefenfible  of  the 
Light  when  it  ihiiies  upon  the  Eye,  and  of 
the  Shade  that  is  made  on  their  Eyes  when 
the  Hand  is  brought  before  them  ;  and  they 
alfo  all  acknowledge*  that  their  Eyes  are  hurt 
by  ftrong  Light;  which  therefor?  muft  be 
tranfmitted  to  the  Retina.  Nor  is  it  more 
ftrange  that  they  fhould  not  fee  by  means  of 
of  this  Light,  than  that  we  fliould  not  fee  the 
Sun  when  our  Eyes  arefhut,  by  Means  of  the 
Light  which  partes  thro'  our  Eye-lids ;  for  when 
the  Sun  fhines  bright  upon  the  Eyes,  the  Quanta 
ty  of  Light  that  pafTes  thro'  the  Eye-lids  is  fo 
great,  as  to  be  extremely  uneafy ;  and  yet  we  fee 
nothing  but  a  confufed  Glare  of  Light  that  of- 
fends the  Eye :  The  want  of  Sight  in  thofe  who 
have  Catara6ts  is  therefore  no  Proof  that  Light  is 
not  tranfmitted  to  the  Retina  \  for  the  demi- 
opaque  Cryftalline  has  much  the  fame  Effect 
on  the  Rays*  that  the  greefed  Paper,  of  which 
Lanterns  are  fometimes  made,  has  upon  them : 
The  Rays  that  pafs  thro'  a  Lantern,  made  of 
fuch  Paper,  do  not  make  us  fee  the  Candle 
from  which  the  Rays  are  emitted  ;  but,  being 
fcattered  every  way,  by  the  irregular  RefracT> 
on  of  the  fecond  Surface  of  the  Paper,  they 
come  to  our  Eyes  diverging  from  the  feveral 
Points  of  that  Surface,  by  which  Means  that 
fecond   Surface    is    diftinclly  feen,    tlio'  the 
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Candle  itfelf  be  quite  inviiible.  Ill  like  man- 
ner, the  Rays  which  pafs  through  the  demi- 
opaque  Cryflalline  are  fo  fcattered  by  the  Re- 
frafti'on  at  it's  fecond  Surface,  as  to  come  to  the 
Retina  diverging  from  the  feveral  Points  of 
that  Surface ;  whence  the  external  Object,  from 
which thtife  Rays  proceed,  becomes  inviiible, 
and  the  Cryftalline  itfelf,  from  the  feveral 
Points  of  which  the  Rays  diverge,  cannot  be 
feeii,  becaufe  the  Rays  do  not  form  any  Pidure 
of  it  upon  the  Retina,  juft  as  the  Eye-lids  are 
tiot  feen  by  means  of  the  Rays  that  pals  thro' 
them  when  we  look  towards  the  Sun  with  our 
jEyes  fhut :  All  this  will  be  eafily  under- 
flood  by  thofe  who  have  any  Knowledge  in 
Optics;  and  therefore  I  ihail  not  enlarge  fur- 
ther upon  it. 

§  27.  Another  Objection  that  may  be  made 
is,  That,-  did  the  Motions  of  the  Pupil  depend 
on  the  Mind,  we  behoved  to  be  confcious  of 
the  Volitions  or  A&s  of  the  Mind  by  which 
thefe  Motions  are  executed. 

To  this  I  might  anfwer,  That  there  are 
many  Motions,  that  unqueftionably  depend 
on  the  Volitions  of  the  Mind,  and  yet  thefe 
Volitions  are  not  "attended  with  any  remarkable 
Confcioufnefs ;  the  Want  of  fuch  Confcioufnefs 
5s  therefore  no  good  Argument  againft  the 
Mind's  being  the  Caufe  of  the  Motions  of 
the  Pupil...  But  this  I  need  notinfifl:  on  here, 

becaufe 
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becaufe  I  think  it  cannot  well  be  denied, 
but  we  are  confeious  of.  the  Volitions  of  the 
Mind  on  which  the  Motions  of  the  Pupil 
depend. 

But,  for  clearing  up  this  Point  more  fully, 
and  for  explaining  in  what  Senfe  the  Mind  is 
laid  to  will  the  Contraction  of  the  Pupil,  it 
may  be  proper  to  obferve,  that  the  Volitions 
of  the  Mind  in  moving  any  Part  of  the  Body, 
may  be  conlidered  in  the  four  following 
Views :  Firft,  The  Volition  may  be  conlider- 
ed as  refpecting  the  Propulfion  1  of  the  Spirits 
thro'  certain  Nerves  and  nervous  Fibres  dilco- 
vered  by  Anatomifts.  zdly,  It  may  be  con- 
fidered  as  only  refpecting  the  Contraction 
of  the  Mufcle  itielf  that  is  made  ufe  of  in  that 
Motion.  %d!y,  This  Volition  may  be  con- 
ceived to  have  only  a  refpect  to  the  Motion 
of  the  Part  itielf ;  and,  ^.thiy,  It  may  be 
conceived,  as  refpecling  only  the  removing 
of  an  uneafy  Senfation,  or-  the  reftoring  and 
continuing  a  Senfation  that  is  ufeful  and 
agreeable. 

Now,  with  regard  to  the  Propulfion -of  the 
Spirits  thro'  certain  Nerves  and  nervous 
Fibres,  it  is  plain,  the  Mind  cannot,  with  any 
Propriety  of  Speech,  be  faid  to  will  this  Mo* 
tion;  for  we  fee  Men  who  do  not  lb  much  as 
know  they  have  either  Spirits  or  Nerves, 
move  all  their  Members,  and  that  fometimes 
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with  more  Addrefs  and  Eafe  than  the  beft 
Anatcmifts.  And,  for  the  fame  Reafon,  it 
can  as  little  be  faid,  that  the  Mind  wills  the 
Contraction  of  any  particular  Mufcle,  when  it 
chufes  to  move  any  Part  of  the  Body;  for 
none  but  Anatomifts  know  that  our  Limbs  are 
moved  by  Mufcles ;  and  we  fee  Children, 
Idiots,  and  Brutes,  who  certainly  know 
nothing  either  of  Anatomy  or  Mufcles,  move 
their  Bodies  with  all  that  Eafe  and  Juftnefs 
that  is  necefTary* 

And,  with  regard  to  our  willing  the  Motion 
of  the  Part,  this  indeed  fometimes  takes  Place, 
but  not  always :  We  have  an  Inftance  of  its 
taking  Place  in  the  Motions  of  the  Hand; 
for  when  I  intend  to  lift  up  my  Hand,  I  ac- 
cordingly will  that  Motion,  and  of  coiife- 
quence  am  fenfible  and  confcious  of  that 
Volition  or  A&  of  the  Mind,  by  which  my 
Hand  is  raifed ;  but  I  am  not  at  all  fenfible 
of  my  having  willed  any  Motion  of  the  Spirits, 
thro'  any  particular  Nerve  or  nervous  Fibre, 
or  any  Contraction  of  any  particular  Mufcle, 
And,  indeed,  from  what  has  been  faid,  it  is 
evident,  that,  ftri&ly  fpeaking,  I  never  willed 
any  of  thefe  Motions ;  and  yet  neverthelefs 
they  both  become  Confequences  of  that  Vo- 
lition or  Act  of  the  Mind  whereby  I  willed 
that  my  Hand  fhould  move. 

The 
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.The  laft  Species  of  Willing  is,  that 'where- 
by    we   only  will   the    removing   an   uneafy 
Senfation,  or  the  reftoring  and  continuing  a 
Senfation  that  is  ufeful  and  agreeable ;  and  of 
this  Sort  we  have  many  Inftances,  of  which, 
the  Motions  of  the  Pupil  is  one;    for  it  will 
not  be   denied,  but  when  the    Light  is  too: 
ftrong,  we  will  or  incline  to  be  relieved  of 
that  uneafy  Senfation,  and  when  the  Obje£t  h 
indiftinft,  we  will  or  incline  to  fee  it  more 
diftin&ly:    Here,  ilriftly  fpeaking,  it  cannot 
be  faid  we  have  willed  either  the  Motion  of 
the  Pupil,   or   the  Con£ra<3ion   of  its  circular 
Fibres,  or    the  Motion  of  the    Spirits  thro* 
certain  nervous  Filaments  terminating  in  thole 
Fibres;  and  therefore  we  cannot  be  confcious 
of  any  fuch  Acts  of  Volition.     All  we  have 
willed,   is  the  removing  the  uneafy  Senfation 
when  the  Light  is  ftrong,    and  the  making 
the   Objefit    appear    more  diftind;    when   its 
Picture  on  the  Retina  is  confufed  :    And  this 
we  are   as  much  confcious    of,  as  we  are  of 
our  willing    that   our  Hand   ihall    be  raifed 
when  we  lift  it  up.     Nor  is  it  more  ftrange 
or  wonderful  that    the    Pupil    and    circular 
Fibres  of  the  Uvea  fhould  contract,  and  that 
the  Spirits  fhould  run  into  thefe  Fibres  for  con- 
tracting them,  upon  our  willing  to  remove  the 
uneafy  Senfation,    or  to  fee  more  diftindtlv, 
than  ij;  is  that  fuch  a  particular  Mufcle  'fhould 
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contrad:  and  the  Spirits  Ihould  flow  into  that 
Mufcle  for  contracting  it ;  upon  our  willing  to 
raife  the  Hand. 

§  28.  What  has  been  here  faid  with  refpe& 
to  the  Motions  of  the  Pupil  may  eafily  be 
applied  to  all  the  athef  Motions,  the  vital  and 
natural,  as  well  as  the  animal:  For  as  in 
moving  my  Hand,  and  afterwards  continuing 
it  in  that  Situation,  all  I  do  is  to  wjII  its 
Motion,  and  afterwards  that  it  continue  in  the 
Situation  I  have  given  it,  without  willing  the 
Contraction  of  any  particular  Mufcle,  or  the 
Motion  of  the  Spirits  thro'  any  particular 
Nerve;  fo,  in  moving  the  Crystalline,  and 
afterwards  continuing  it  in  that  Situation,  all 
I  do  is  to  will  that  I  may  fee  the  Object  more 
diflinclly,  and  afterwards  that  I  may  continue 
to  fee  it  with  the  fame  Biftindtnefs,  without 
ever  thinking  of  the  Ligamentum  Ciliare,  or 
the  nervous  Filaments  that  may  be  bellowed 
upon  it,  of  which  poffibly  I  may  be  quite 
ignorant.  In  like  manner,  in  moving  my 
Heart,  all  I  xio  is,  to  will  and  defire  the 
Continuance  of  that  Eafe  and  Happinefs  I 
enjoy  while  it  moves  right,  and  to  remove  that 
Uneafinefs  and  OpprefTion  that  attends  its  Reft, 
and  its  preternatural  and  difbrderly  Motions ; 
for  it  is  certain,  that  Children,  Idiots  and 
Brutes,   move   their   Heart,   tho'  they  know 

nothing 
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nothing  of  their  being  pofTefled  of  fuch  a 
Mufcle,  or  of  Nerves  leading  to  it. 

I  know  there  are  many  who  will  not  allow 
that  we  will  any  thing  at  all  with  regard  to 
the  Motion  of  the  Heart,  and  the  other  vital 
and  natural  Motions.  *  And  indeed  it  muffc 
be  acknowledged,  that  thefe  Motions  have, 
by  Cuftom  and  Habit,  become  fo  very  eafy, 
as  to  be  performed  with  very  little  Attention 
to  the  Volitions  of  the  Mind  from  which 
they  proceed.  But  it  does  not  from  thence 
follow,  that  the  Mind  is  not  concerned  in 
thefe  Motions ;  for  we  are  taught  by  Experience 
that  we  are  as  little  confcious  of  the  Volitions 
of  the  Mind,  by  which  many  Motions  un- 
queftionably  voluntary  are  performed,  as  of 
the  Volitions,  on  which  the  vital  and  natural 
Motions  depend. 

Thus,  when  I  am  fitting,  in  an  eafy  erect 
Pofture,  I  am  not  only  infenfible  of  any  Effort 
that  is  neceflary  to  keep  me  in  that  Situation, 
but,  on  turning  my  Thoughts  inwards  to  what 
pafles  in  my  Mind,  I  cannot  difcover,  writh 
any  Degree  of  Certainty,  that  I  am  willing  any 
thins;  with  regard  to  the  Situation  and  Pofture 
in  which  I  am  fitting,  and  yet  if  I  fhall  fall 
afleep  or  be  feized  with  a  fainting  Fit ;  my 
Head  immediately  falls  down,  and  my  Body 
deviates  from  its  ere£t  Pofture,  which  plainlv 
•fhews,   that  my  Continuance  in  that  Pofture 

was 
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was  owing  to  the  Will  or  active  Power  of  the 
Mind,  tho'  I  was  not  at  the  Time  confcious 
of  my  willing  any  thing  that  had  the  leaft 
Connection  with  the  Pofture  of  my  Body. 
The  fame  Thing  is  alfo  true  of  that  Volition 
whereby  the  Eye-lids  are  kept  open ;  for  we 
are  as  little  fenfible  of  this,  as  of  the  Volitions 
by  which  the  Motion  of  the  Heart  is  continued. 
Many  more  Inftances  of  the  like  Band  might 
be  given ;  but  more  are  unneceffary,  as  every 
one's  Experience  and  Obfervatiqn  will  eafily 
afford  him  many  fuch. 

§  29.  If  what  has  been  faid  fliall  be  duly 
confidered,  perhaps  fome  Reafon  may  be  found 
for  imagining  that  the  Mind,  properly  fpeak- 
ing,  never  exerts  any  aftive  Power  over  the 
Body,  or,  which  is  the  fame  thing,  that  the 
Volitions  of  the  Mind  are  not  the  true  efficient 
Caufe  of  the  Motions  of  the  Body,  but  only 
the  occafional  Caufe  of  thefe  Motions;  for, 
fmce  nothing  can  a£t  but  where  it  is  prefent, 
the  Mind  cannot,  with,  any  Propriety  of  Speech, 
be  faid  to  a6t  upon  any  thing  that  is  without 
the  Senjoriitm,  or  that  Part  of  the  Brain  to 
which  it  is  prefent ;  but,  as  has  been  already 
fhewn,  our  Volitions  are  never  dire&ed  to  the 
Senforium,  or  to  the  Spirits  or  any  thing  elfe 
that  may  be  contained  in  it:  All  that  the 
Mind  does  towards  moving  any  Part,  is  to 
will  its  Motion,  or  the  removal  of  fome  un-* 
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eafy  Senfation,  or  the  Continuance  of  a  Sen- 
fation  that  is  ufeful  and  agreeable:-  Butfach. 
Volitions  as  thefe,  as  they  are  not  directed  to 
any  thing  that  is  prefent  with  the  Mind,  they  can 
have  no  proper  Efficiency,  and  therefore  can- 
not be  the  true  Caufe  of  the  Motion  of  the 
Body;  the  occafional  Caufe  they  indeed  may 
be,  and  that  they  are,  is  evident  from  the 
Connection  there  is  betwixt  the  Motions  of 
the  Body  and  the  Volitions  of  the  Mind; 
but  ftill  there  mull  be  an  efficient  Caufe  be- 
fides;  and  this  can  be  no  other,  than  that 
eternal  omnipotent  Caufe  on  whom  every  thing 
elfe  depends,  or  fome  fubordinate  adtive  Intel- 
ligence, acting  under  him,  and  by  his  Ap- 
pointment. 

§  30.  But  this  Caufe  muft  always  aft  at 
the  very  Time  the  Motion  is  produced.  A 
Law  eftablifhed  from  the  Beginning  by  a  Fiat 
or  Decree,  will  not  do,  unlefs  there  be  an 
Agent  fet  apart  to  execute  this  Law  or  De- 
cree; for,  as  it  is  abfolutely  impoffible  that 
any  Effedt  can  happen  where  there  is  no  Caufe 
producing  it,  fo  it  is  no  lefs  impoffible  for  any 
Effect  to  happen  wheit  there  is  no  Caufe  pro- 
ducing it.  This  Caufe  muft  therefore  operate 
at  the  Time  the  Effedt  is  produced  ;  and,  to 
fay  otherwife,  is  to  fay  fome  thing  very  abfurd ; 
it  is  in  effect  to  fay,  that  Effects  can  be  pro- 
duced without  any  Caufe  at  all,  or,  which  is 
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the  fame  thing,  that  they  may  be  caufed  by 
nothing,  or  by  that  which  has  not  a  Being; 
thai,  which  nothing  can  be  more  abftird  or 
ridiculous.  And  the  fame  Thing  holds  true 
of  all  the  Laws  of  Nature  that  do  not  depend 
upon  mere  Paffivenefs  and  Inactivity.  Thus 
Gravitation,  Cohefion,  Attraction,  <£m  are 
faid  to  be  Confequences  or  EfFe&s  of  certain 
general  Laws ;  but,  feeing  Matter  is  utterly 
incapable  of  obeying  any  Laws,  thefe  Laws 
cannot  continue  to  take  place,  but  by  fome- 
thing  fuperior  to  Matter,  fome  aftive,  intel- 
ligent Caufe,  continually  exerting  on  it  a 
certain  Force  or  Power,  according  to  fuch 
certain  and  determinate  Laws. 

§  31.  Mr.  Leibnitz's  famous  Hypothefis, 
of  a  pre-eftablifhed  Harmony,  as  he  calls  it, 
does  alfo  (were  it  credible)  very  well  account 
for  all  the  fpontaneous  Motions  of  the  Body, 
without  their  being  caufed  by  the  Mind  :  He 
fuppofes,  that  the  Soul  does  not  ad  on  the 
Body,  nor  the  Body  on  the  Soul ;  that  both 
proceed  by  necellary  Laws,  the  Soul  in  its 
Perceptions  and  Volitions,  and  the  Body  in  its 
Motions,  without  affe&ing  each  other;  but 
that  each  is  to  be  confidered  as  a  feparatc 
independent  Machine,  the  Soul  acting  freely, 
according  to  the  Laws  of  final  Caufes,  and  the 
Body  adting  mechanically,  according  to  the 
Laws  of,  efficient  Caufes;  and  that  they  only 
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agree  like  two  Clocks,  which,  at  the  greatefl 
Diftance,  go  alike,  without  at  all  affeding 
each  other:  So  that,  according  to  him,  God, 
forefeeing  the  Volitions  and  Inclinations  of 
every  Man's  Soul,  did  from  the  Beginning  fo 
contrive  and  regulate  the  Machine  of  his  Bo- 
dy, that,  by  the  mere  neceflary  Laws  ofMe- 
chanifm,  fuch  Motions  fhouid  be  excited  in. 
the  Body,  as  might  .  agree  aud  correfpond 
with  the  Volitions  of  the  Mind. 

But  this  Hypothecs  is  altogether  incredible ; 
for  how  is  it  poilible  that  fuch  Kinds  of  Moti- 
ons, and  of  iuch  Variety  as  thofe  in  the  hu- 
man Bodies  are,  fhouid  be  performed  by  mere 
Mechanifm,  without  the  Influence  or  Opera- 
tion of  any  adive  intelligent  Caufe  ?  Or  is  it 
credible,  that,  when  a 'Man  has  it  in  his  Pow- 
er to  refolve  and  know,  a  Month  before  hand, 
what  he  will  do  upon  fuch  a  particular  Day 
or  Hour  to  come;  is  it  credible,  I  fay,  that 
his  Body  fhall,  by  the  mere  Power  of  Me- 
chanifm imprefTed  originally  upon  it  at  its  firfk 
Formation,  punctually  conform  itfelf  to  the 
Refolutions  of  the  Mans  Mind  at  the  Time 
appointed?  Surely,  fucK  a  ftrange  Hypothecs 
will  not  be  eafily  believed.  But  befides,  as 
this  Hypothecs  is  in  itfelf  incredible,  fo  there 
is  no"  Neceffity  of  having  Recourie  to  it  for 
explaining  the  Motions  of  the,  Body:  It  is 
now  well 'known,  and  admitted  by  the  beft 
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Philofophers,  that  all  the  Laws  of  Nature, 
that  do  not  depend  upon  mere  Paflivenefs  and 
Inactivity,  nec'efTarily  include  in  therri  the  re- 
gular and  conftant  Operation  of  the  Deity 
himfelf,  or  of  fome  fubordinate  active  Intelli- 
gence, acting  under  him  and  by  his  Appoint- 
ment. -  And  this  fhews  the  Courfe  and  Tenor 
of  Nature,  and  makes  it  not  at  all  impropable, 
that  the  fame  Caufe  may  take  place  in  all  the 
Motions  of  the  Body,  and  that  the  Volitions 
of  the  Mind  are  only  tile  occafional  Caufe  of 
thefe  Motions.  And  this  will  be  rendered  ftill 
more  probable,  if,  from  what  is  to  follow,  it 
fhall  appear,  that  the  external  Objects  are  not 
the  true  efficient  Caufe  of  the  Senfations  laid 
to  be  produced  by  them,  but  onfy  the 
occafional  Caufe  of  fuch  Senfations  ;  for 
if  Bodies  do  not  act  upon  our  Mind,  it 
will  not  be  thought  fo  ftrange  that  our  Mind 
fhould  not  ad  upon  our  Bodies. 

§  32.  A  third  Objection  that  may  be  made 
to  the  Mmdrs  having  anv  Concern  in  the  Mo-1 
tions  of  the  Pupil,  is,  that,  did  thefe  Motions 
depend  on  the  Volitions  of  the  Mind,  it  would 
then  be  in  our  Povver  to  contract  and  dilate 
the  Pupil  at  pleafare,  without  regard  to  the 
Diftance  or  Brightnefs  of  thcjj  Object  in  Vie w* 
But  this  never  happens ;  for/  wrhen  we  look 
at  a  luminous  Object,  the  Pupil  always  con-' 
tracts ;     neither  is  it  in  our  Power  to  keep  it 
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open,  and,  when  the  Objed  is  dajrk  and  ob- 
fcure,  we  always  dilate  the  Pupil,  without 
'having  it  in  our  Power  to  contract  it ;  whence 
they  conclude,  that  the  Motion  of  the  Pupl 
does  not  depend  on  the  Influence  of  our  P  i  d. 
but  on  fome  mechanical  or  other  nee:.. 
Caufe. 

§  33.  But  it  is  eafy  to  anfwer  this  Objc^l- 
on,  from  what  we  have  before  obferved  with 
regard  to  the  other  Motions  of  our  Eyes ;  to 
which  the   Reader  may  therefore   have    Re- 
courfe  :  For  as,  at  firft,  we  have  a  Power  of 
moving  our    Eyes   differently,  and   direcShng. 
them  which  Way  we  pleafe,  the  one  towards 
one  Object,  and   the  other  towards  another, 
as  may   be   obferved  in  Infants    before  they 
have   difcovered    the   Advantage    of  moving 
their  Eyes  uniformly;    fo  our  Mind,  in   like 
manner,    does,    without   doubt,    preiide   over 
and  regulate  the  Motions  of  the  Pupil,  which 
at  firft  are  alio  altogether  arbitrary,  "like  thofe 
of  our  Eyes ;  for,  fince  Cats  are  obferved  to 
contract  and  dilate   their  Pupils   at   pleafure, 
without  regard  to   the   Light  that   fhines  on 
their  Eyes,  it  is  not  to  be  doubted  but  at  firft 
we  alio  are  pofieffed  of  the   like  Power,  and 
tho'  we  cannot  now  move   our  Pupils   but  in 
Conformity   to   the    Senfation  of   the    Light 
finking  the  Retina,  this  does   not  make  thele 
Motions  mechanical  and  independent   on  our 
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Will,  but  only  (hews  us  that  our  Mind,  which 
regulates  and  directs  all  our  Motions  to  the 
bell  Purpofes,  has  impofed  upon  itfelf  that 
law  of  contracting  the  Pupil  for  preferving  the 
Retina,  when  the  Light  is  ftrong,  and  enlar- 
ging it  for  making  the  Image  more  luminous 
when  the  Light  is  faint,  becauie  of  the  great 
Advantage  we  receive  from  thefe  Motions, 
which  no\t  by  long  Habit  have  become  fo 
neceflary,  that  it  is  not  in  our  Power  to  change 
them  ;  it  being  certain  that  long  Cuftom  and 
Habit  do  render  many  Actions  in  a  Senfe  ne- 
ceflary, which  were  not  in  themfelves  eflenti- 
ally  fo,  nor  from  the  Beginning. 

It  is  unneceflary  here  to    repeat  the  many 
Inftances  we  have  formerly  given  of  this;  the 
juniform  Motions  of  our  Eyes  alone  is  fuffici- 
ent  to  eftablifh  this  Doctrine ;  for  it  cannot  be 
denied,  that  the   Motions  of   our  Eyes   are 
all  voluntary,  and   depending  on  our  Mind ; 
and  that  at  firft  \ve  have  a  Power  of  moving 
them  differently,   and  directing  them  to  dif- 
ferent Objects  at  pleafure ;    yet,  at  laft,  long 
Cuftom    makes  that    uniform   Motion   in  a 
manner  neceflary,  infomuch  that  we  are  now 
no  longer  at  Liberty  to  move  them  differently; 
When  the  Bight-eye,  for  Inftance,  is  turned 
to  any  Object,  the  left  one  follows  its  Motion, 
and  is  directed  to  the  fame  Object:    Neither 
is  it  in  our  Power  to  direct  it  to  any  other; 
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not  beeaufe  its  Motions  do  not  depend  on 
the  Volitions  of  the  Mind,  or  that  the  Mind 
is  under  any  phyfical  Neceffity  of  making  it 
follow  the  Motion  of  the  other,  but  merely 
beeaufe  we  have  been  in  the  Ufe  of  moving 
them  uniformly,  from  which  a  Neceffity  of  a 
different  Kind  has  grown  up,  that  we  cannot 
now  fo  eafily  get  the  better  of. 

Now,  as  the  Motion  of  the  one  Eye  al- 
ways follows  the  Motion  of  the  other,  not 
from  any  abfolute  or  mechanical  Neceffity  in 
the  Thing  itfelf,  but  only  beeaufe  we  have 
been  in  Ufe  of  moving  them  together  ;  fo  the 
Motions  of  our  Pupils  do  in  like  manner  fol- 
low the  Senfation  of  the  Light  that  ftrikes  the 
Retina,  merely  beeaufe  we  have  been  accuftom- 
ed  to  move  them  in  that  Manner;  and  the 
one  is  no  more  neceffary,  mechanical,  involun- 
tary, or  lefs  under  the  Goverment  and  Di- 
rection of  the  Mind,  than  the  other. 

§  34.  And  what  I  have  faid  with,  refpeifc 
to  the  Motions  of  the  Pupil,  holds  equally 
with  refped  to  all  the  vital  and  natural  Mo- 
tions ;  for,  in  the  Beginning  of  Life,  thefe 
Motions  feem  to  have  been  altogether  volun- 
tary in  the  common  Acceptation  of  the 
Word ;  and  tho',  by  Cuftom  and  Habit, 
they  have  at  length  become  fo  neceffary,  as 
to  make  it  impoffible  for  us  to  hinder  them 
from  going  on  in  their  ufual  Manner;    yet 
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this  does  not  make  them  independent  on  the 
Volitions  of  the  Mind;  fince  the  uniform 
Motion  of  our  Eyes,  and  the  Motions  of  the 
Pupil,  are  without  doubt  caufed  by  the  Mind, 
tho',  at  the  fame  time,  they  feem  as  necefiary 
and  as  much  independent  on  the  Volitions  of 
the  Mind,  as  are  any  either  of  the  vital  or 
natural  Motions. 

§  35.  For  illuftrating  and  confirming  this, 
it  may  be  of  Ufe  here  to  remark,  that  the 
Power  of  the  Mind  over  the  Motions  of  the 
Body,  is  not  only  different  in  different  Parts  of 
the  Body,  and  in  different  Stages  of  Life  ;  but 
in  the  fame  Parts  of  the  Body,  and  at  the  fame 
time  of  Life,  this  Power  is  alfo  different 
in  different  Animals. 

I  have  already  obferved,  that  the  Motions 
of  our  Eyes,  whereby  they  are  directed  to 
Objects,  are  at  firft  unqueftionably  voluntary, 
in  the  common  Acceptation  of  the  Word ;  and 
yet  in  time,  by  Ufe  and  Habit,  they  become 
in  a  Manner  neceffary,  infomuch  that  we  can- 
not now  give  them  different  Directions; 
whereas  the  Hare,  Coney,  Cameleon,  and 
divers  other  Creatures,  preferve  their  natu- 
ral and  connate  Liberty  of  moving  them 
differently. 

The  Motions  of  the  Pupils  in  Cats  are 
likewife  altogether  voluntary  ;  whence  it  is 
reafonable  to  believe,  that  thefe  Motions  in 
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Man  were  at  firft  alfo  voluntary,  and  yet, 
by  Cuftom  and  Habit,  the  Mind  feems  now  to 
have  loft  its  Power  over  them>  and  cannot 
move  them  but  in  Conformity  to  the  Light 
affefting  the  Retina;  but  Cats  ftill  preferve 
their  original  Liberty,  and  are  obferved  to 
Contract:  and  dilate  their  Pupils  at  Pleafure, 
without  regard  to  the  Light  that  fhines  on 
the  Eye.  And  what  ,1  have  faid  of  Cats,  I 
imagine,  holds  alfo  true  with  reipedt  to  Birds : 
For  Dr.  Monro  Junior,  from  whofe  Skill 
and  Diligence  in  Anatomical  Matters  we  have 
Reafon  to  expedt  many  ufeful  Improvements 
in  this  fundamental  Branch  of  Medicine, 
aiTures  me,  that  he  has  frequently  obferved 
this  voluntary  Motion  in  Parrots,  who,  while 
the  Light  that Urines  on  their  Eyes  continues 
the  fame,  may  'be  obferved  to  contract  and 
dilate  their  Pupils  at  pleafure,  without  regard 
to  the  Light  that  ads  on  the  Eve. 

The  Motions  of  Refpiration  are  alfo,  I 
think,  altogether  voluntary,  in  the  common 
Ufe  of  the  Word ;  and  I  make  no  doubt,  but, 
in  the  Beginning  of  Life,  they  required  a  di- 
reft  and  manifeft  Exertion  of  the  Mind's  adtive 
Power,  as  well  as  the  other  voluntary  Motions ; 
and  yet  now,  by  Ufe  and  Cuftom,  thefe  Moti- 
ons have  become  in  a.  Manner  neceflary,  fo 
as  to  go  on  regularly  as  of  themfelves,  with- 
out any  feeming  Interpofition  of  the  Mind,  and 
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that  as  well  when  we  are  afleep,  as  when 
waking,  tho'  the  Mind,  in  all  Animals  I  know, 
ftill  preferves  its  Power  over  them,  and  can  ac- 
celerate, retard,  and  put  a  flop  to  thefe  Mo- 
tions at  pleafure. 

The  Motions  of  our  Heart,  in  the  Beginning 
of  Life,  feem  alfo  to  have  been  altogether  volun- 
tary, in  the  common  Acceptation  of  the  Word ; 
but,  by  Ufe  and  Cuftom,  they  have  become 
necefTary,  fo  as  we  cannot  now  vary  or  put  a 
flop  to  them;  and  yet,  which  is  very  remark- 
able, Dr.  L ■  i  s  T  e  r ,  in  fpeaking  of  the  Cochlea, 
in  his.  Book  de  Cochkis  et  Limacibus  p.  38. 
affures  us,  "  That,  in  this  Animal,  the  Moti- 
"  on  of  its  Heart  is  fo  very  irregular,  fome- 
"  times  beating  quickly  and  violently,  fome- 
times  not  beating  at  all,  for  the  Space  of 
a  full  Quarter  of  an  Hour,  that  there  can  be 
no  doubt,  but  that  in  this  Species  of  Ani- 
mals, the  Motion  of  the  Heart  is  voluntary, 
"  and  not  merely  natural,  as  in  Man,  and 
"  other  fanguinious  Animals ;  but  that  it  call 
"  be  moved  or  {topped  for  a  longer  or  fh'ort- 
l'  er  Space  of  Time,  as  the  Creature  pleafes." 
Whence  it  feems  evident,  that  this  Animal 
retains  its  natural  Power  and  Liberty  over 
the  Motion  of  its  Heart,  as  the  Cat  does 
over  the  Motions  of  its  Pupil,  as  the  Hare, 
Coney,  and  Cameleon,  do  over  the  Motions  of 
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the  Eye,  and  as  thefe  and  all  other  Creatures 
do  over  the  Motions  of  Refpiration. 

I  might  here  a^ain  mention  the  Cafe  of 
Colonel  Townsh  end,  who,  as  Dr.  Cheyne 
on  the  Englifb  Malady,  [p.  307.),  tells  us, 
could,  at  pleafure,  fupprefs  all  the  vital  Mo- 
tions, fo  as  in  all  refpeds  to  appear- dead ;  and 
yet,  by  an  Effort,  or  fome  how,  he  could 
come  to  life  again,  arid  reftore  thefe  Motions. 
The  Cafe  is  indeed  Angular,  but  not  at  all 
to  be  accounted  for,  without  allowing  the 
Mind  to  prefide  over,  and  by  its  Volitions  to 
regulate  and  direct  the  vital  as  well  as  the 
other  Motions. 

§  36.  But,  that  what  I  have  faid  on  this 
Subject  may  not  be  miftaken,  it  may  be  proper 
here  to  obferve,  that  tho?  vulgarly,  in  a  loofe, 
figurative  and  improper  Speech,  we  fay,  that 
the  Motion  of  the  Pupil,  the  uniform  Motions 
of  our  Eyes,  the  vital  and  natural  Motions, 
are  neceflary,  involuntary,  not  under  the  Pow- 
er and  Dominion  of  our  Will ;  yet,  in  truth, 
"and  in  Strictnefi  of  fpeaking,  as  they  are  all 
caufed  by  the  Volitions  of  the  Mind,  they  mull 
neceflarily  he  both  voluntary  and  free,  and  of 
confequence  intirely  fubject  to  the  Power  and 
Influence  of  this  active  Principle  ;  for  1  think 
a  neceflary  Agent,  or  neceffary  Action,  is  a 
Contradiction  in  Terms;  fcr  whatever  ads 
neceflarily,  does  not  indeed  adt  at  all,  but  is 
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only  afted  upon;  is  not  at  all  an  Agent,  but 
#.amere  Patient;  does  not  move,  but  is  moved 
only.  Ail  Power  of  acting,  efientially  implies 
at  the  fame  time  a  Power  of  not  acting ;  other- 
wife  it  is  not  acting,  but  barely  a  being  adted 
upon  by  that  Power,  whatever  it  be>  which 
caufes  the  Adion ;  and  if  a  Power  of  adting 
implies  a  Power  of  not  adting,  adting  cannot 
be  neceffary :  The  Mind  therefore  muft  be 
free  in  the  Exercife  of  its  active  Power,  and 
in'  the  Volitions  whereby  the  vital  and  natural, 
as  well  as  the  other  Motions,  are  produced; 
nor  does  is  make  any  Difference  in  the  Cafe; 
Xvhether  thefe  Volitions  are  fuppofed  to  be  the 
efficient  or  only  the  occafional  Caufe  of  thefr 
Motions. 

§  37-  When  we  therefore  fay,  that  the  vital 
and  natural  Motions  are  neceffary,  and  that  it- 
is  impoffible  for  us  to  vary  or.  flop1  them,  this 
is  indeed  true  ;  but  the  Neceffity  and  Impof- 
fibility  here  fpoken  of  can  only  be  a  moral 
Neceffity,,  and  a  moral  Impoffibility,  which, 
in  truth  and  philofophical  Strictnefs  of  Speech, 
is  indeed  no  Neceffity  or  Impoffibility  at  alf, 
but  only  a  figurative  Manner  of  fpeaking, 
wrhich,  like  all  other  figurative  Expreffions, 
lia's  nothing  at  all  of  phyfical  Reality  in  it,  but 
leaves  the  Mind  at  abfolute  Liberty  to  do  as 
it  pleafes.  I  feall  illuftrate  this  in  an  Ex- 
ample, 

We 
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We  fay,  it  is  impoffible,  and  a  Contradiction 
in  Terms,  morally  fpeaking,  that  a  wife  Man, 
continuing  to  be  wife,  fhould  do  a  foolifh 
Thing,  or  an  honeft  Man,  continuing  to  be 
honeft,  fhould  do  a  difhoneft  Thing,  or  a 
veracious  Perfon,  continuing  to  be  veracious, 
fhould  tell  a  Lye.  But  it  is  no  Contradiction 
in  Phyfics ;  the  Man  is  at  abfolute  Liberty  to 
<Jo  as  he  pleafes,  but  does  not  chufe,  and  in- 
deed, morally  fpeaking,  cannot  chufe  to  act 
in  Contradiction  to  his  fixt  and  determined  Re- 
folution  of  aCting  always  agreeably  to  what  he 
fees  to  be  fit  and  right. 

From  this  Inftance  we  may  fee,  how  in 
like  Manner  the  Mind,  after  having  impofed  up- 
on itfelf  a  Law,  whereby  it  regulates  and  governs 
the  vital  and  natural  Motions  to  the  greatefh 
Advantage,  it  cannot  now  poflibly  act  but  in 
Conformity  to  this  Law,  by  reafon  of  the  Utili- 
ty and  Advantage  that  arifes  from  this  Way 
of  aCting,  in  which  it  has  been  fixed  and  con- 
firmed by  a  long  continued  Habit  and  Cuftom; 
and  yet  its  acting  fo,  is  not  becaufe  it  wants  a 
natural  or  phyfical  Power  to  aCt,otherwife; 
but  becaufe  it  is  abfurd,  mifchievous,  and 
morally  impoffible  for  it  to  chufe  to  act  fo 
fooliihly  and  unreafonably,  and  fo  much  contra- 
ry to  that  Neceffity  that  has  been  fixed  and  effa- 
blifhed  by  Habit  and  Cuftom. 

§  33, 
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§  38.  But  you  will  fay,  that  tho'  the  Mind 
fnould  be  allowed  to  regulate  and  direct  the 
Motions  of  the  Heart,  and  the  other  vital  and 
natural  Motions,  while  the  Animal  is  awake, 
how  is  it  poffible  it  iliould  continue  to  will 
thefe  Motions,  and  that  fo  regularly  and  or- 
derly in  time  of  Sleep,  when  the  Mind  may  be 
fuppofed  to  be  in  a  State  of  Infenfibility,  Tor- 
por or  Deadnefs,  being  both  inactive  and  im-' 
percipient? 

To  this  I  anfwer,  That,  in  time  of  Sleep, 
the  Mind  is  neither  inactive  nor  impercipient ; 
and  their  is  good  Reafoil  to  believe,  notwith- 
ftanding  what  the  great  Mr.  Locke  fays  to 
the  contrary,  that  the  Mind  always  thinks,  is 
always  fenfible  and  active,  and  of  confequence 
is  always  confcious  as  well  fleeping  as  waking. 
This  much  at  leaft  is  certain,  that  Experience 
can  never  prove  the  contrary.  Who  can  fay 
that  he  ever  found  himfelf  in  a  State  of  Un- 
cbnfcioufnefs,  or  when  there  was  no  Idea  at 
all  fubfilting  in  his  Mind  ?  Indeed,  it  is  con- 
tradictory that  any  Man  fhould  fo  furprize 
himfelf,  impercipient,  to  wit,  of  all  Things 
with  refpect  to  the  prefhit  Time  :  For  he  is 
confcious  by  Suppofition,  and  reflecting  upon 
an  Tinconfcious  State  ;  which  is  a  Contradicti- 
on in  Terms. 

And, 
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And,  as  to  the  pafl  Time,  he  cannot  have- 
any  Memory  of  fuch  a  State  ;  for  whether 
ever  fuch  a  State  was  or  was  not,  it  is  either 
way  a  Contradiction  that  he  fhould  remember 
it ;  and  he  cannot  bring  an  Argument  for  it 
from  his  not  remembering  of  it.  If  a  Man 
came  through  a  dark  Room,  he  may  be  cer- 
tain there  was  no  Light  there ;  for  his  Eyes 
were  open,  and  he  miffed  the  Light :  But  if  a 
Man  paiFed  an  Hour  of  inconfcions  Exiftence 
laft  Night,  there  is  a  wide  Difference ;  he  did 
not  perceive  an  Abfence  of  Confcioufnefs  then, 
nor  can  he  now,  fince  he  could  not  do  it  but 
by  remembering  it :  He  hath  not  two  diftind: 
Confcioufneffes,  one  to  be  extinguifhed,  and 
another  remaining  to  perceive  the  Abfence  of 
the  firft :  He  doth  not  perceive  at  the  Time, 
and  therefore  cannot  recollect  afterward  the 
laft  Thought  he  was  confcious  of,  at  the  Be- 
ginning of  the  Blank,  nor  the  firft  upon,  emer- 
ging out  of  it  (to  be  the  two  Extremes,  as  it 
were),  nor  the  Diftance  and  Length  of  Time 
betwixt;  he  muft  therefore  think  thofe  two 
Extremes  continguous,  and  thence  conclude 
that  he  had  been  confcious  without  Inter- 
miffion. 

It  is  therefore  fomewhat  ftrange  to  ap- 
peal to  Experience  ,for  the  Reality  of  a 
State,  which,  by  Supposition,  is  an  utter  Ne- 
gation of  all  Experience.     Mr.  Locke  fays, 

"the 


I ;5-8  Q/"  ^^  Pz#>*7  and  its  Motions,  &c.  Book  III. 

J[*  the  Queftion  is  about  a  Matter  of  Fact;" 
but  to  this  I  reply,  the  Queftion  is  about  a ' 
Matter  of    not  FaB ;    about  a  Negation  of 
all  Fact.    Every  body  allows  we  are  generally 
confcious ;  this  is  not  the  Queftion  then :    But 
if  we  are  fometimes  without.  Confcioufnefs,   it 
is  abfurd  to  fay,   we  forget  our  Unconfciouf- , 
nefs ;    it  is  abfurd  to  fay,   we  remember  our 
Unconfcioufnefs.      Where   is    the   Matter  of 
Fact   to   be   teftified   to  them?      Or  how  is 
Experience  applicable  ? 

And  as  we  can  have  no  Proof  from  Expe- 
rience that  the  Mind  is  ever  infenfible  or  in- 
active, fo,  on  the  other  Hand,  there  are  many 
Arguments  that  might  be  brought  to  prove, 
that  Animals  are  always  both  percipient  and 
active,  and  that  as  well  when  afleep  as  waking. 
But  that  I  may  not  weary  the  Reader  with 
metaphyfical  Reafoning,  I  fhall  here  only 
pbferve,  that  Horfes,  Cows,  and  feveral  other 
Quadrupeds,  are  fometimes  obferved  to  fleep 
Handing,  fome  Men  fleep  riding  on  Horfe- 
back,  others  in  time  of  fleep  get  out  of  Bed, 
and  after  wandering  thro'  the  Houfe,  go  to 
Bed  again,  without  remembering  any  thing 
of  it  next  Morning:  Many  Fowls  fleep  with 
their  Heads  turned  under  their  Wing,  and  fome 
^lfo  are  obferved  to  fleep  ftanding  upon  one 
Leg,  having  the  other  drawn  up  to  their  Belr 
ly.      Thefe  Inftanccs  are  fufficient    to  /hew 

that 
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that  Animals  are  both  percipient  and  active 
in  time  of  fleep;  for  all  thefe  Phenomena  neceffa- 
rily  imply  both  Perception  and  Action,  with- 
out which  they  could  not  take  place.  Whence 
I  conclude,  that  an  Animal's  being  afleep 
needs  be  no  Hindrance  to  its  exerting  its  adtive 
Power,  in  regulating  and  conducing  the 
vita]  and  natural  Motions  with  all  that  Order 
and  Regularity  we  obferve. 

The  famous  Borel li,  finding  that  many 
Fowls  fleep  {landing  on  fmall  Branches  of 
Trees,  even  when  they  are  agitated  by  the 
Winds,  has  endeavoured  to  account  for  this 
Phenomenon  from  mechanical  Principles  (fee 
his  curious  and  truly  beautiful  Treatife  de  Mom 
Animalinm,  pi  i.  Prop,  cl.  ).  And  indeed,  it 
inuft  be  owned,  that  the  mechanical  Difpo- 
•fition  of  the  Mufcles  which  bend  their  Toes, 
by  reafon  of  the  Weight  of  their  Body,  bend- 
ing all  the  Joints  of  their  Thighs,  Legs  and 
Feet,  over  which  the  Tendons  of  thefe 
Mufcles  pvafs,  muft  be  of  forrie  Service  in 
making  them  grip  the  Branch  more  forcibly, 
and  by  that  Means  may  in  fome  Meafure  con- 
tribute towards  keeping  them  from  falling,  in 
the  Manner  Borelli  has  explained;  yet 
I  think  it  extremely  obvious  to  any  one  who 
fliall  confider  the  Matter  with  any  Degree  of 
Attention,  that  this  Mechanifm  alone  is  alto- 
gether inefficient  for  producing  the  Effedt  in 
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Queftion  ;  and  that  there  muft  needs  alfo  be 
a  conftant  Exertion  of  the  active  Power  of 
the  Mind,  without  which  they  behoved  to 
tumble  down,  efpecially  when  the  Branch  is 
agitated  by  the  Winds. 

§  39.  Before  I  difmifs  this  Subject,  it  may. 
be  expe&ed  I  fhould  take  fome  notice  of 
what  Dr.  Whytt  has  advanced  on  the  yU 
tal  and  natural  Motions. 

This  ingenious  Gentleman,  in  the  Advertile- 
ment  to  his  Book  on  the  vital  Motions,  tells  us, 
That,  about  the  Year  1739,  not  long  after  he 
he  had  left  the  Schools  of  Medicine,  he  began 
to  be  diffatisiied  with  the  common  Theories  of 
Refpiration  and  the  Heart's  Motion  ;  and  as 
he  had  not  met  with  any  Writer,  who  had 
given  (as  he  thought)  a  jufl  Account  of  the 
vital  and  other  involuntary  Motions  of  Ani- 
mals,, or  derived  them  rightly  from  their  true 
Source,  he  propofed  fome  Time  or  other  to 
v  i§  on  this  Subject :  In  purfuance  of  this.  Ke- 
folution,  he  began  his  Effayin  the  Year  1744; 
which  he  finifhed  and  puhllfhed  anno  1751. 
In  compiling  this  Efiay,  he  tells  us,  he  has  been 
careful  not  to  indulge  his  Fancy,  in  wantonly 
framing  Hypothefes ;  but  has  rather  endeavour- 
ed to  proceed  upon  the  hirer  Foundations  of  Ex- 
periment and  Obfervation.  The  Refult  of  all 
which  is,  that  he  fo  far  agrees  with  me,  in 
what  I  had  publifhed  about  1 6  Years  before 
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that,  in  the  Medical  Efays  of  Edinburgh,  as 
to  maintain,  that  all  the  vital  and  natural  Mo- 
tions depend  on  the  Mind ;  fometimes  he  fays, 
on  the  Exertion  of  its  Power  and  Influence? 
p.  300.  and  301.  on  the  Energy  and  aBive 
Power  of  the  Mind,  p.  302.  and  324.  on  the 
Energy  of  a  living  Principle  capable  of  generating 
Motion,  &c.  p.  271. 

But  he  differs  from  me  in  making  them 
altogether  involuntary,  p.  311.  ahfokitely  in- 
voluntary, p.  309.  not  Jubjecled  to  the  Will? 
p.  307.  wholly  necefary,  p.  311.  fir  icily  necejfa*- 
ry,  p.  308.  necefary  and  independent  on  the 
Willy  P<  315*;  a"d  fays,  that  the  Mind,  in 
performing  thefe  Motions,  has  no  Views,  p.  285. 
and  308.  propofes  no  End,  p.  288.  and  308* 
aQs  without  Choice,  p.  307.  and  308.  without 
Preference  or  Election,  p.  *  286.  is  a  necefjary 
Agent,  even  in  the  very  fir  ongeft  Senfe  of  the  Word, 
p.  306.  ;  being  as  necejfarily  determined  by  a 
Stimulus  affeding  the  Organs  to  exert  its  Power 
in  bringing  about  thefe  Motions,  as  is  a  Balance, 
while,  from  the  mechanical  Laws,  it  prepon- 
derates to  that  Side  where  the  great  eft  Weight 
prevails,  p.  289.  or,  as  is  a  Stone  in  falling 
to  the  Ground,  p.  308. :  And  he  further  fays, 
That  the  Mind's  being  thus  neceflarily  deter- 
mined by  Stimuli,  is  owing  to  the  original  Con- 
ftitution  of  our  Frame,  and  the  Law  of  Union 
efiabli/hed  by    the   Allwife  Creator  between  the 
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Soul  and  the  Body,  whereby  the  former  imme- 
diately, and  without  any  Exercife  of  Re  a /on, 
endeavours  by  all  Means,  and  in  the  mojl  ef- 
fectual Manner,  to  avoid  and  get  rid  of  every 
difagreeable  Senfation  conveyed  to  it,  by  what- 
ever hurts  and  annoys  the  Body,  pi  3*09. 

§  40.  But  not  to  infill  on  the  Impropriety 
of  faying  that  the  vital  and  natural  Motions 
proceed  from  the  Energy  and  active  Power  of 
the  Mind,  from  the  Energy   of  a   living  Prin- 
ciple,   capable  of  generating   Motion,    while,    at 
the  fame  time,  his  real  Opinion  is,  That  they 
are  not  at  all  caufed  by  the  Mind,  but  are  fir icily 
necejfary,  in  the  ftrongeft  Senfe  of  the  Word, 
and   caufed  by  a  Law   eftabliflied  by  the  All^ 
wife  Creator :      I  fay,     not   to  infill  on  this, 
I  fball  here  only  obferve,  that  thisHy pot hefis, 
(for  a  Hypothefis  I  muft  call  it,  till  it  receives 
fome  further  Proof),  I  fay,  this  Hypothefis, 
as  I  fee  no  folid  Argument  fupporting  it ;    fo 
to  me  it  feems  much  more  incredible  than  the 
Hypothefis  of  the  learned  Dr.  Ha  ller,  which 
he  labours  fo  much  to  refute. 

Dr.  Haller's  Opinion  is,  "  That  Xrritabi- 
"'  lity,  or  the  Contraction  arifing  from  the 
"  Application  of  Stimuli,  is  a  particular  Pro- 
"  perty  of  mufcular  Fibres,  in  like  Maimer 
"  as  Gravity  is  a  Property  of  Matter ;  and  that 
"  it  docs  not  depend  on  the  Nerves,  and  has 
"  no  Connection  with  Senfibility."     So  that, 

according 
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according  to  this  learned  Gentleman,  the  Mo- 
tions ariiing  from  Irritation  are  altogether  fi- 
milar  to  thofe  arifing  from  Gravity,  both  be- 
ing ftriclly  neceffary,  and  caufed  by  a  Law, 
or  rather  by  God  himfelf,  or  fo me  adivre  in- 
telligent Being  acting  under  him,  and  by  his 
Appointment  executing  that  Law:  And  in 
this  Dr.  Whyt.t  indreiy  agrees  with  Dr. 
Haller. 

But  they  differ  in  this,  That  Dr.  Haller 
makes  this  Law,  or  rather  the  Power  that 
executes  it,  to  act  immediately  upon  the  Fi- 
bres themfeL'es,  in  coiifequeace  of  the  Appli- 
cation of  the  Stimulus ;  which  Application  of 
the  Stimulus  is  therefore  to  be  considered  as  the 
occafional  Caufe  of  the  Ivlot;on,  juft  as  the 
relative  Situation  of  Bodies  with  refpect  to  the 
Earth,  is  the  occafional  Caufe  of  their  Gravi- 
tation and  Defcent.  Whereas  Dr.  Wkytt 
does  not  allow  this  Law,  or  the  Power  that 
executes  it,  to  aft  immediately  on  the  Fibres 
for  contracting  them,  but  to  act  immediately 
on  the  Mind,  and,  by  ading  thus  on  the 
Mind,  to  necefiitate  it,  by  an  abfolute  phyfical 
Neceffity,  to  contra  d  the  Fibres:  So  that, 
according  to  him,  the  Mind  is  only  a  pafllve 
Inftrument  in  the  Hand  of  that  adive  intel- 
ligent Caufe  that  executes  the  Motion  of  the 
Fibres.  And  with  relped  to  the  occafional 
Caufe  of  this  Adtion,  Dr.  Whytt,  in  place 

of 
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of  making  itconfift  in  the  fimple  Application  of 
the  Stimulus  to  the  Part  ftimulated,  as  Dr.  Ha  l- 
£EK  fuppofes,  thinks  there  muft  alfo  be  afubfe- 
quent  Senfation,  without  which  the  active  in- 
telligent Being  moving  the  Fibres  does  not  aft, 
tho'  this  Senfation  feems  to  be  intirely  unnecefla- 
ry,  as  the  Mind,  according  to  Mm,  has  11a 
aftive  Hand  in  thefe  Motions,  is  ftriclly  ne- 
eeffary,  has  no  Views,  propofes  no  End, 
acts  (if  it  may  be  faid  to  a£t  at  all)  with- 
out Choice,  without  Preference  or  Electi- 
on. 

But  this  Hypothecs  of  Dr.  Why tt,  to 
me,  feems  extremely  improbable,  nor  can  it^ 
in  my  Opinion,  be  well  maintained,  without 
trefpaffing  againft  the  Rules  of  Philofophizing 
that  have  been  admitted  by  all  found  Philofo- 
phers.  Sir  Isaac  Newton,  and  other  Phi- 
lofophers,  both  before  and  after  him,  tell  lis, 
That  Nature  does  nothing  in  vain,  is  very 
fimple  and  uniform,  and  delights  not  in  things 
fuperfluoua  or  unneceffary.  On  this  Principle 
Sir  Isaac  founds  the  whole  3d  Book  of  his 
Vriucitia ;  and  I  know  no  found  Philofopher 
that  ever  contraverted  it.  And  this  being  fo, 
it  may  reafonably  be  aiked,  For  what  End 
muft  the  Mind  be  informed  by  a  Senfation  of 
the  Application  of  the  Stimulus  to  the  Part 
ftimulated  ?  Did  the  Motion  of  the  Part  any 
mzy  depend    on  the  Volitions  ,of  the  Mind, 
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there  would  befome  Reafon  for  this  Informati- 
on :  But  as  this  is  not  the  Cafe  ;  as  the  Mind  is 
not  allowed  to  have  any  Choice,  any  Voliti- 
on, nor  to  be  any  way  fubfervient  to  the  Con- 
traction of  the  Part,  but  only  as  a  paffive  In- 
strument made  ufe  of  by  that  active  intelligent 
Caufe,  by  which  the  Part  is  moved,  this  Sen- 
fation  feems  to  be  intirely  unneceffary  and  fu- 
perfluous,  anfvvering  no  wife  End  or  Purpofe  ; 
and  therefore  cannot  be  fuppofed  to  have 
been  ordained  by  the  Allwife  Author  of 
Nature. 

In  like  manner,  it  may  be  afked,  Why  this 
active  intelligent  Caufe  does  not  apply  its  active 
Power  immediately  to  the  Part  itfelf,  without 
the  Interpofition  of  the  Mind  I  It  will  not,  I 
believe,  be  faid,  that  this  active  Caufe  could 
not,  of  itfelf,  and  without  making  ufe  of  the 
Mind,  or  any  other  Inftrument,  have  as  eafily 
affected  this  Motion,  by  acting  immediately 
on  the  Part  itfelf:  And  this  being  fo,  it  is 
not  to  be  imagined,  that  this  unneceffary  round- 
about Way  would  have  been  appointed  by  the 
Author  of  all  Things,  who  does  nothing' 
in  vain,  nothing  fuperfluous,  or  without 
Caufe. 

The  learned  Dr.  Haller's  Hypothefis 
is  not  liable  to  thefe  Objections,  and  therefore 
feems  much  more  reafonable.     From  it  alfo, 
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it  is  eafy  to  account  for  the  Motion  of  the 
Heart  and  the  other  mufcular  Parts  of  Animals 
after  Death,  and  their  Separation  from  the 
Body,  and  for  the  renewing  of  thefe  Motions 
after  they  have  ceafed,  by  the  Application  of 
Stimuli,  And  this  is  another  Argument  in 
favours  of  this  Hypothecs.  Dr.  Whytt,  it 
is  true,  has  alfo  endeavoured  to  account  for 
thefe  Motions  from  his  Hypothefis.  But  in 
this  I  think  he  has  failed ;  nor  do  I  believe 
that  what  he  has  faid  on  that  Head  can  give 
Satisfaction  to  any  body,  as  has  been  fhown 
above  at  fome  Length. 

§  41.  But,  tho'  Dr.  Hall er's  Hypothefis 
feems  more  reafonable  than  that  of  Dr. 
Whytt,  yet  for  all  that,  I  do  not  think, 
that  it  can  reafonably  be  admitted,  without 
fome  further  Proof.  The  great  Argument 
for  this  Hypothefis  is,  That  without  it  the 
Motions  of  the  Heart,  and  the  other  mufcular 
Parts  after  Death,  and  their  Separation  from 
the  Body,  arifmg  from  the  Application  of 
Stimuli,  appear  inexplicable,  if  not  altogether 
impoffible.  But  to  this  I  Anfwer,  That 
thefe  Motions  are  neither  inexplicable  nor 
impoffible ;  for  tho'  it  has  been  demonftrated, 
that  a  perpetual  Mobile  is  a  thing  impoffible, 
and  repugnant  to  the  Laws  of  Mechanifm,  and 
confequently  that  the  vital  and  natural  Moti- 
ons cannot  go  on  perpetually  by  Mechanifm 
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alone,  without  the  powerful  Influence  and 
Operation  of  the  Mind,  or  fome  other  active 
immaterial  Caufe,  capable  of  generating  Mo- 
tion ;  yet  there  is  nothing  to  hinder  fuch 
tranfient  and  fhort-lived  Motions,  as  thofe 
excited  by  Stimuli  applied  to  the  Parts,  from 
being  caufed  by  the  mechanical  Action  of  the 
Stimulus;  and  tho'  we  cannot  fully  explain, 
the  Mechanifm  of  imifcular  Fibres,  and 
thence  fnew  particularly  how  thefe  Motions 
are  caufed  by  the  Stimulus,  it  is  enough, 
that,  in  general,  we  can,  with  truth,  affirm, 
that  fuch  Motions  are  poffible,  and  maybe 
trulv  mechanical.  And  it  is  incumbent  on 
Dr.  Haller  to  prove  that  they  cannot 
poflibly  proceed  from  Mechanifm,  before  he 
can  expect  that  we  fhould  admit  of  this  new 
Law  invented  by  him  for  explaining  thefe 
Motions.  But  I  have  dwelt  too  long  on  this 
Subject,  and  muft  now  return. 

§  42.  From  what  has  been  fiid  on  the 
Motion  of  the  Pupil,  we  may  fee  the  Reafon 
why  our  Pupils  come  to  fympathize  with  each 
other  in  their  Motions ;  for  having  been  ac- 
cuilomed  to  move  them  fimilarly,  becaufe  of 
the  Benefit  that  arifes  to  us  from  that  kind 
of  Motion ;  we  come  at  laft  to  be  no  longer 
able  to  move  them  differently,  juft  as  we 
cannot  now  direct-  the  one  Eye  to  any  Object 
without  turning  the  other  the  fame  Wav. 
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We  may  from  this  alfo  fee  whence  it  is  that 
in  thofe  who,  from  a  Cataract  or  Gutta  Sere- 
na,  have  been  blind  from  their  Birth  in  any- 
one of  their  Eyes,  this  Sympathy  betwixt 
the  Pupils  does  not  take  place ;  for  as  fuch 
Perfons  could  never  reap  any  Benefit  from 
moving  their  Pupils  in  the  fame  Manner,  the 
Mind  did  not  accuftom  itielf  to  that  Sort  of 
Motion,  and  of  confequence  muft  preferve  its 
natural  and  connate  Liberty  of  moving  them 
differently. 

From  this  alfo  we  may  fee,  how  this  Sym-? 
pathy  may  be  again  loft,  even  after  it  has  in 
fome  meafure  been  eftablifhed  by  Habit  and 
Cuftom ;  for  if  one  Eye  be  loft  before  this 
Sympathy  has  been  fully  fixed  and  eftablifhed 
by  a  long  continued  Habit,  the  Mind,  finding 
no  further  Advantage  in  moving  the  Pupils 
the  fame  Way,  may  gradually  forget  and  lofe 
the  Habit  it  had  acquired  of  moving  them  in 
ihat  Manner,  and  at  laft  may  come  to  move 
them  differently  :  we  are  not  therefore  to  be 
furprifed,  if  we  fhould  fometimes  find,  that, 
when  one  cf  the  Eyes  has  for  a  good  while 
been  loft  by  a  Gutta  Serena,  the  Pupil  of  the 
difeafed  Eye  continues  quite  immoveable  with- 
out following  the  Motions  of  the  other.  I 
do  not  indeed  remember  any  Author  that  has 
given  us  an  Inftance  of  this  ;  .and  I  have  not 
myfeif  been  careful  enough  to  obferve  it;  yet 
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that  it  may  fometimes  happen,   feems  evident 
from  the  Analogy  there  is  betwixt  the  fimilar 
Motions  of  our  Pupils,   and  the  uniform  Mo- 
tions of  our  Eyes ;    they  are  both  founded  on 
Cuftom  and  Habit,  and  on  nothing  elfe ;  and 
therefore,  if  the  Mind  can  get   the  better  of 
that  Neceffity  whereby  our  Eyes  move  uniform- 
ly,  it  may  alfo  get  the  better  of  that  Neceffi-' 
ty  whereby  our  Pupils  move    fimilarly ;    and 
that  we  get  the  better  of  that  Neceffity  by 
which  our  Eyes    move  uniformly,  is  evident 
from  the  diffimilar  Motions  of  the  Eyes,  that 
are  fo  frequently  obferved  in  blind  People,  and 
particularly  from  that  remarkable  Hiftory  re- 
corded by  Pl  em  pi  us,  of  a  Girl  who  became 
blind  from  a  Gntta  Serena  in  the  5th   Year 
of  her  Age.     This   Girl,  finding  110   further 
Advantage,  after  being  blind,  in  moving  her 
Eyes  the  fame  Way,   came  at  laft  to  forget 
the  Habit  (lie  had  formerly  acquired  -in  the 
four  Years  fhe   faw,    and   moved    her    Eyes 
differently ;  fometimes  their  Axes  being  paral- 
lel, fometimes  converging,  and  at  other  times 
diverging.     (See  Plempius  Ophthalmograph* 
lib.  4.  Problem  13.)!  had  Occafion  to  mention 
this  Hiftory  before;    but,  as  it  ferves  to  prove 
the  Point  now  before   us,    the    Reader  will 
forgive  me   for  mentioning   it  again  in  this 
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Thefe  Things  being  confidered,  it  is  evident, 
that  the  Age  of  a  Gutt a  Serena  may  fometimes 
be  better  determined  from  Theory  than  from 
information*  Thus,  if  any  Perfon  halving  a 
Gun  a  Serena  in  one  of  his  Eyes  fhall  tell  me, 
that  he  loft  the  Sight  of  it  only  a  Month  a. 
go ;  yet  if  I  find  that  the  Motion  of  its  Pupil 
does  not  follow  the  Motion  of  the  other  Pupil, 
and  that  the  Eves  themfelves  do  not  move 
uniformly,  I  thence  conclude  that  this  Eye 
was  blind  from  the  Birth,  or  not  long  after 
it,  tho'  the  Perfon  himfclf  did  not  difcover 
it,  becaufe  he  had  not  attempted  to  fee  any 
Objecl:  With  the  difeafed  Eye  alone,  while  the 
other  was  fhut;  and  being  thus  certain,  that 
he  was  blind  of  this  Eye  from  the  Birth,  or 
foon  after  it*  I  can  with  Confidence  affure 
him,  that  all  Attempts  towards  a  Cure  will  be 
fruitlefs  and  to  no  Purpofe. 

How  we  come  to  judge  of  the  Age  of  this 
Difeafe  from  the  Miftakes  they  commit  in 
pouring  Liquor  into  a  Glafs,  fnuffing  a  Candle, 
threading  a  Needle,  and  fuch  other  Actions 
as  require  that  the  Diftanee  be  exactly  di- 
ftinguifhed,  (hall  be  explained  afterwards  in 
its  proper  Place,  to  which  the  Reader  may  have 
jRecourie. 

§  43.  Having  thus  explained  the  Motions 
of  the  Pupil,  and  the  Caufes  on  which  they 
depend,  it  remains,    that   I  now  inquire  into 
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the  Advantages  we  receive  from  thefe  Motions, 
But  as  moft  of  thefe  Advantages  may  be 
eafily  gathered  from  what  has  been  already 
faid,  I  need  but  juft  mention  them,  without 
enlarging  at  all  upon  them. 

§  44.  Galen,  and  all  thofe  who,  from 
his  Authority,  thought  that  the  Pupil  had  no 
Motion,  but  that  of  dilating  itfelf  when  one 
of  the  Eyes  was  fliut  or  loft,  and  again  con- 
tracting itfelf  when  the  Eye  was  opened  or 
recovered,  were  of  Opinion,  that  the  only  life 
of  its  Motions  was,  to  enable  us  to  fee  more 
clearly,  and  by  that  Means  to  fupply  the 
Want  of  the  fhut  or  loft  Eye.  But  fince 
this  Hypothens  is  founded  upon  an  Error  in 
Fad,  we  need  not  wafte  Time  in  examining 
it. 

§  45.  The  famous  M.  de  la  Hire  main- 
tains, that  the  great  life  of  the  Mohili- 
ty  of  the  Pupil  is,  to  enable  the  Eye  to  fee 
diftinctly  at  different  Diftances,  without  being 
obliged  to  change  its  Conform  at  ion,  whVh, 
according  to  him, -never  happens;  for,  after 
having  endeavoured  to  prove,  by  feveral 
ingenious  Arguments,  and  particularly  by  the 
Experiment  formerly  mentioned,  of  looking 
to  a  fmall  Object  thro'  two  Holes  made  M 
a  Card,  in  which  the  Object  always  appears 
double,  excepting  when  it  is  at  fome  one 
determined  Diftance  fuited  to  the  Eye  hf  the 
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Obferver.  I  fay,  after  endeavouring  to  prove 
that  the  Eye  does  not  change  its  Conformati- 
on, his  next  Attempt  is  to  Ihew,  that  there  is 
no  need  of  any  fuch  Change,  and  that,  by 
means  of  the  Contraction  of  the  Pupil  alone, 
we  may  fee  at  different  Diftances  diftinctly 
enough,  lo  as  not  to  be  fenfible  of  any  Con- 
fufion,  tho'  the  Conformation  of  the  Eye 
continue  invariably  the  fame.  The  Arguments 
he  brings  againft  any  Change  of  Conforma- 
tion in  the  Eye  nave  already  been  all  fully 
anfwered,  and  a  Proof  of  this  Change  has 
been  brought  from  unexceptionable  Experi- 
ments ;  fo  that  it  now  only  remains,  that  I 
fhew  the  Infufficiency  of  the  Motions  of  the 
Pupil,  to  procure  diftinet  Vifion  at  different 
Diftances. 

That  the  Contraction  of  the  Pupil  does 
diminifli  the  Indiftinctnefs  of  the  Picture  on 
the  Retina,  and  confequently  that  of  the  Ob- 
ject, by  contracting  the  Pencils  of  Rays  that 
flow  in  at  the  Pupil  from  each  Point  of  the 
Object,  is  undeniable ;  but  fince  this  Con- 
traction depends  more  upon  the  Strength  of 
Light,  than  upon  the  Senfation-of  Confufion 
in  the  Object,  tho'  fometimes  it  may  contribute 
to  make  the  Object  more  diflinct,  at  other 
times  it  muft  have  a  quite  contrary  Effect,  and 
make  it  appear  more  confufed  ;  for  if  a  lumi- 
nous Object,  fuch  as  a  bright  Flambeau,  be 
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placed  at  fix  Feet  Diftance,  and  another 
Object  of  a  black,  brown,  or  other  obfcure  Co- 
lour, be  placed  at  a  Foot  Diftance,  this  lumi- 
nous Object,  notwithstanding  its  greater  Di- 
fta-nce,  Will  emit  more  Light  into  the  Eye 
than  the  other  ;  and  confequently,  when 
viewed,  will  caufe  the  Pupil  to  contract 
more ;  and  therefore  the  little  Cones  of  Light, 
which  have  their  Bdjts  in  the  Pupil  and  their 
ylpex'm  the  feveral  Points  of  the  Object,  will  be 
much  more  acute  in  the  diftant  Flambeau  than 
in  the  other  dark  Body :  Whence  it  follows, 
that  if  the  Conformation  of  the  Eye  be  fuch 
as  is  neceffary  for  feeing  the  Flambeau  diftinct- 
ly,  the  other  Object  at  a  Foot  Diftance  muft 
appear  confufed,  unlels  the  Eye  change  its 
Conformation,  and  adapt  itfelf  to  the  more 
obtufe'  Cones  of  Rays  that  come  therefrom ; 
for  thefe  Cones  are  not  only  obtufe,  by  rea- 
fon  of  the  Proximity  of  the  Object,  but  are 
rendered  ftill  more  obtufe,  by  the  Dilatation 
of  the  Pupil ;  from  which  it  is  evident,  that 
if  the  Eye  were  deprived  of  a  Power  of  chan- 
ging its  Conformation,  and  adapting  itfelf  to 
the  Diftances  of  Objects,  Objects,  in  place  of 
being  rendered  more  diftinct,  would  fometimes 
be  made  more  confufed  by  the  Motions  of  the 
Pupil ;  and  therefore  it  muft  be  allowed,  that 
the  Faculty  of  feeing  diftinctly  at  different  Di- 
ftances, is  not  to  be  afcribed  to  the  Mobility 
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of  the  Pupil,  as  de  la  Hire  fuppofes,  but  to 
the  Motion  of  the  Cryftalline ;  as  has  been  a- 
bove  explained. 

§  46.  It  remains  therefore,  that  the  Mo- 
bility of  the  Pupil  mull  have  fome  other  Lie 
than  thefe  juft  now  mentioned  from  Ga- 
len and  de  la  Hire,  which  now  falls  to  be 
noticed. 

ijl,  Then  it  dilates  when  the  Light  is  weak, 
that  a  greater  Number  of  Rays  may  enter  the 
Eye,  from  each  Point  cf  the  Objed:,  which 
being  united  in  fo  many  correfponding  Points 
in  the  Retina,  will  make  the  Pi&ure  more 
bright  and  lively  ;  and  confeqtiently  render  VihV 
on  more  clear  and  ftrong  than  it  could  have  been, 
had  the  Pupil  continued  invariably  the  fame. 

2dfy,  It  contracts  when  the  Light  is  too 
ftrong,  and  the  Objefl:  too  bright  or  luminous 
for  intercepting  a  Part  of  the  Light,  which 
otherwife  would  have  hurt  or  deftroyed  the 
tender  Subftance  of  the  Retina,  by  its  too  great 
Strength  and  Activity. 

'3^/y,  Befides  the  Advantage  we  receive 
from  the  Mobility  of  the  Pupil,  in  proportioning 
the  Quantity  of  Light  which  enters  the  Eye 
to  the  Senfibility  and  Delicacy  of  the  Retina, 
there  is  yet  another  taken  notice  of  by  fome  of 
our  optical  Writers,  which  confifts  in  enabling 
us  to  judge  with  greater  Certainty  of  the  Di-r 
ftance  of  Objeds;   for  it  cannot  be   denied, 
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that  the  apparent  Colours  of  Bodies  are  very 
ufeful  for  us  in  judging  of  their  Diftances,  as 
often  as  we  are  otherwife  well  acquainted  with 
the  Intenfity  and  Vigour  of  their  Colour  at 
any  other  determined  Diftance  ;  and  therefore, 
though  the  Pupil  fhould,  by  its  Contraction, 
allow  no  more  Light  to  pafs  to  the  Retina 
when  the  ObjecT:  is  near,  than  when  it  is 
further  off,  yet,  when  it  is  near,  we  mull  be 
ienfible  of  the  Intenfenefs  of  its  Light,  be- 
icaufe  we  know,  that  the  Pupil  is  then  con- 
j  traded  ;  for,  fmee  the  Motions  of  the  Pupil 
!  depend  on  the  Volitions  tof  the  Mind,  the 
Mind  muft  always  be  more  or  lefs  fenfible  of 
its  Motions:  And  befides,  when  the  Pupil  is 
contracted,  we  lee  more  diftinctly  than  when 
it  is  dilated,  by  which  alfo  we  are  fometimes 
afllfted  in  judging  of  the  Diftances  of  Objects : 
But  this  will  be  explained  more  fully  afterwards* 
when  we  come  to  treat  of  the  Phenomena  of 
Vifion. 

§  47.  From  what  has  been  faid,  it  will  be 
eafy  to  anfwer  the  following  Queries  : 

Q^U  E  R  Y     I. 

Wlr$  do  iv e  fee  mofl  clearly  iuhen  the  Pupil  is 
\  dilated.  ? 

To  this  I  anfwer,  That,  when  the  Pupil  is 
dilated,  a  greater  Quantity  of  Light  enters  the 
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Eye,  which,  after  Refra&ion,  muft  paint  upon 
the  Retina  a  more  clear  and  lively  Image  of 
the  Object  and  agitate  the  Fibrils  of  the  optic 
Nerve  with  more  Strength  and  Brifknefs,  and 
therefore  muft  imprefs  the  Mmd  with  a  ftrong- 
cr  and  more  lively  Senfe  of  the  ObjecT:.  And 
from  this  appears  the  Reafon,  why  the  Owl, 
Bat-bird,  and  other  Night-birds  cannot  bear 
the  Light  of  Day;  for  their  Pupils  being  ex- 
ceeding large,  when  Objects  are  illuminated 
with  Day-light,  they  appear  fo  very  clear  and 
bright,  from  the  Multitude  of  Rays  which  en- 
ter their  dilated  Pypils,  that  their  delicate 
Retina  is  not  able  to  bear  the  Force  and  Vi- 
gour of  the  Image*  And  the  fame  Thing 
fometimes  happens  to  ourfelves ;  for  when  we 
have  been  for  feme  Time  in  a  dark  Place,  and 
then  go  into  another  ftrongly  illuminated,  our 
Eyes  are  hurt  by  the  Quantity  of  Light  that 
pafTes  through  our  dilated  Pupils  ;  for  our 
Pupils  always  enlarge  in  Darknefs,  and  re- 
quire feme  Time  to  contract  fo  as  to  en- 
able us  to  bear  a  ftrong  Light* 

Q^UERY     II. 

§  48.    Whj  does  the  Eye  fee  mofi   diftinttty 
•when  the  Pupil  is  contracted? 

I  anfwer,  frft,  When  the  Pupil  is  contract- 
ed, the  luminous  Pencils  which  flow  to  the 
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Pupil  from  the  feveral  Points  of  the  Object, 
will  be  made  narrower  and  lefs  diverging,  and 
therefore,  tho'  the  Rays  belonging  to  thefe 
Pencils  fliould  not  be  accurately  united  in  a 
Point  on  the  Retina,  yet  they  will  take  up  but 
a  fmall  Space  upon  it;  ftill  the  fmaller  the 
more  the  Pupil  is  contracted  ;  by  which  means 
the  Confufion  in  the  Picture  will  become  lefs, 
and  the  Sight  will  be  made  more  diftiner,  tho' 
lefs  clear.     But, 

2dly,  When  the  Pupil  is  large,  the  Eye  will 
riot  be  a  Cellula  Obfcura,  but  will  be  enlighten- 
ed by  the  Light  reflected  from  Objects  placed 
all  round  that  towards  which  the  Eye  is  direct- 
ed ;  and  being  thus  eniighted,  the  Picture  on 
the  Retina,  by  being  mixed  with  this  foreign 
Light,  will  be  rendered  obfeure  and  indiftinct* 
and  confequently  the  Villon  produced  by  this 
obfeure  indiftinct  Picture  will  alfo  be  obfeure 
and  indiftinct ;  for  the  Retina  being  agi- 
tated both  by  the  Rays  which  come  from 
the  Object  in  view*  and  by  the  other  ad- 
ventitious Rays  that  belong  to  other  Objects, 
the  Senfe  of  Light  will  indeed  be  augmented, 
but  the  Mind  will  not  be  able  to  diftinguifh 
the  Object  in  view  with  that  Diftinctnefs  it 
would  otherwife  do* 

This  maybe  illuftrated  by  a  Camera  Obfcurti; 
for,  as  in  inch  a  Camera  the  Pictures  are  al-* 
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ways  the  moft  lively  and  perfect  when  the  Ca- 
mera is  kept  quite  dark,  and  no  Light  is  allow- 
ed to  enter  but  what  comes  from  the  Object 
forming  the  Picture  ;  fo,  in  the  Eye,  the  Pi- 
ctures wrill  always  be  the  mod  lively  and  per- 
fect, 'when,  by  the  Contraction  of  the  Pupil, 
no  Light  enters  the  Eye  to  mix  with  the  Pi- 
cture but  what  comes  from  the  Object  in  view, 
and  confequently  the  Sight  produced  by  fuch 
Pictures  will  then  alfo  be  moil;  diftinct  and  per- 
fect. 

§  49.  Many  of  the  antient  Phyficians  af- 
firm, that,  when  the  Pupil  is  dilated,  as  in 
the  Mydriajls,  Objects  appear  fmaller;  and,  on 
the  contrary,  when  it  is  contracted,  as  in  the 
Myofts,  or  Phtkijis  PupilU,  that  they  appear 
larger.  Paul  us  _3Lgineta  is  the  firft  I 
know  '  that  puhMied  this  Doctrine-;  from 
whom  he  had  it,  I  know  not,  nor  does  he 
any  where  inform  us.  From  Galen  he  had 
it  not;  for  this  learned  Greek  makes  not  the 
leafl  mention  of  it  in  any  of  his  Writings. 
If  he  was  led  to  it  by  his  own  Reafon  and 
Philofophy,  he  is  certainly  much  deceived; 
for  it  neither  -agrees  with  Reafon  nor  Experi- 
ence. Aetius  alfo  teaches  the  fame  Thing, 
without  telling  his  Author ;  and  afterwards  it 
came  to  be  pretty  much  the  Doctrine  of  the 
Schools  of  Medicine ;  few  Phyficians  venturing 

to 
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to  contradict  what  had  been  affirmed  by 
thofe  who  went  before  them.  But  it  is  do- 
ing Penance  to  read  the  wretched  Stuff  they 
have  thrown  out  in  endeavouring  to  account 
for  it. 

That  the  Magnitude  of  the  Pupil  has  no 
Influence  on  the  Magnitude  of  the  Object, 
mnft  be  evident  to  every  Body  that  reflects  on 
the  Manner  of  Vifion  ;  for  Vifion,  in  fo  far 
as  our  Eyes  are  concerned,  confifts  in  nothing 
but  inch  a  Refraction  of  the  Rays  of  Light, 
by  the  tranfparent  Skins  and  Humours  of  the 
Eye,  as  is  neceffary  to  unite  and  bring  toge- 
ther the  Rays  which  come  from  the  feveral 
Points  of  the  Object,  in  IS  many  corre- 
iponding  Points  in  the  Bottom  of  the  Eye,  and 
there  to  paint  the  Picture  of  the  Object  upon 
the  Tunica  Retina,  with  which  the  Bottom  of 
the  Eye  is  covered ;  but  the  Rays  of  each 
Pencil  being  always  united  in  the  Axis  of  the 
Pencil,  they  will  fall  on  the  fame  Point  of  the 
Retina,  whether  the  Pupil  be  contracted  or  di- 
lated ;  and  confequently  the  Magnitude  of  the 
Picture  will  be  the  fame  in  both  Cafes,  and, 
being  the  fame,  the  Object  mu(t  aifo  be  feen 
of  the  fame  Magnitude.  This  may  be  illuftra- 
ted  by  the  vulgar  Experiment  of  calling  the 
Species  of  Objects  from  abroad  upon  a  Wall 
or  Sheet  of  white  Paper  in  a  dark  Room,  by 

means 
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means  of  a  Lens  placed  at  a  Hole  in  the  Window* 
fhut  i  for  if  the  Wall  or  white  Paper  be  at  a  due 
focal  Diftance  behind  the  Lens,  the  Picture  wiR 
be  of  the  fame  Magnitude,  both  when  no  Part 
of  the  Lens  is  covered,  and  when  it  is  all  co- 
vered, excepting  only  a  fmall  circular  Space 
hi    its   Axis,    anfwering    to    the    contracted 

I  know  Honor  at  us  Faber,  in  his  Synop- 
fis  Optica,  'published  arm,  1667,  endeavours  to 
prove  the  clear  contrary  to  this  my  Affertion, 
and  that  after  this  Manner:  AB  (Plate  I. 
$jg*  iq.)  is  an  Object,  EF  the  greater  Aper- 
ture of  the  Pupil  admitting  the  Projection  KI 
on  the  Retina;  whereas  the  lefTer  Aperture 
CD  admits  only  the .  Projection  GH:  But 
GH  is  lefs  than  KI;  wherefore  a  lefTer  Aper- 
ture diminifhes  the  Projection.  I  admire  that 
any  Man  that  undertook,  as  this  learned  Je- 
fuite,  to  write  of  Optics  more  accurately  than 
all  that  went  before  him,  fhould  have  been 
guilty  of  fo  very  grofs  an  Error ;  and  I  do  yet 
more  admire,  that  the  celebrated  Gassendus, 
and  with  him  the  noble  Heveli  us,  fhould 
Jiave  been  of  the  fame  Opinion  ;  for  tho'  the 
aforefaid  Demonftration  holds  molt  certainly 
true  in  direct  Projections,  as  in  a  dark  Room 
with  a  plain  Hole,  yet  it  will  not  hold  in  Pro- 
jections made  by  |lefra£tion,  as  in  thole  on  the 
Retina}  for  the  Reafons  above  noticed,  whiclv 
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are  too  evident  to  need  any  further  Expla- 
nation. 

§  50.  It  is  eafy  to  fee,  that  what  has  been 
juft  now  faid  of  the  Magnitude  of  the  Pupil's 
having  no  Influence  on  the  Magnitude  of 
Objects,  holds  true  only  with  refpect  to  fuch 
Objects  as  the  Eye  is  accommodated  to  3  for 
all  Objects  placed  without  the  Limits  of  diftincl 
Vifion,  will  appear  greater  or  fmaller  according 
as  the  Pupil  is  dilated  or  contracted ;  for  the 
liays  that  paint  the  extreme  Points  of  the  Ob- 
ject upon  the  Retina  (like  ail  the  others)  in 
place  of  being  united  in  a  Point  in  the  Axis  of 
the  Pencil,  will  now  be  fcattered  over  a  fmall 
circular  Space  all  round  that  Axis;  which 
Space  being  greater  or  fmaller  according  as 
the  Pupil  is  more  or  lefs  dilated,  the  Image 
of -the  Object  muft  alfo  be  greater  or  fmaller 
in  the  fame  Proportion,  and  therefore  Objects 
will  appear  greater,  when  the  Pupil  is  dilated 
than  when  it  is  contracted. 

This  is  quite  contrary  to  what  JEgineta,- 
and  the  other  antient  Phyficians,  maintain: 
But  as  it  is  agreeable  to  Reafon,  and  the  Prin- 
ciples of  Optics,  fo  it  is  alfo  agreeable  to  Ex- 
perience; for  a  Candle,  which,  at  fixty  Feet 
Diftance,  commonly  appears  to  a  fhort-fighted 
Perfon  a  luminous  Circle  of  about  a  Foot  Di- 
ameter, more  or  lefs,  according  to  the  Degree 
of  Ihortnefs  of  Sights  and   Magnitude  of  the 

Pupil  ; 
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Pupil  \  when  it  is  viewed  thro'  a  fmall  Hole 
made  in  a  Card,  it  feems  much  lefs  than  to 
the  naked  Eye,  becaufe  the  Luxuriancy  of 
the  Image  is  a  good  deal  corrected  by  the 
Smalinefs  of  the  Hole  in  the  Card,  which  has 
the  fame  Effect  on  the  Image,  that  the  Con- 
traction of  the  Pupil  would  have  upon  it. 
In  like  manner  the  Stars,  which  to  molt  Peo- 
ple appear  larger  than  they  ought,  becaufe  the 
Eye  with  refpeet  to  them  is  feme  what  pur- 
blind, are  made  much  lefs,  by  being  viewed 
thro'  filch  a  finall  Hole. 


Ct  U  E  R  Y      III. 

§  51.  Whence   is   it   that   the  Eye  fees  beji 
from  among fi  Darknef? 

That  the  Eye  fees  belt  when  furrounded 
with  Darknefs,  is  what  every  one  has  of- 
ten obferved.  From  deep  Pits  the  Stars  may 
be  clearly  feen  in  bright  Day-light.  This 
Galen  has  taken  notice  of  in  the  3d  Chap- 
ter of  his  1  oth  Book  de  Ufu  Parthim;  and 
every  Collier  or  Miner  does  daily  experience 
the  Truth  of  it:  Neither  is  it  needful  to 
deftenct  to  the  Bottom  of  a  Pit ;  for  if  a  long 
Tube  be  applied  to  the  Eye,  the  Stars  may  be 
feen  thro7  it  in  Day-light  as  well  as  from  the 

Bottom 
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Bottom  of  a  Pit.  But  of  all  the  Inftance.s 
of  this  Kind  that  I  have  met  with,  that  which 
Mr.  Boyle  gives  us,  in  his  Obfervations  on 
vitiated  Sight,  is  the  ftrongeft.  It  is  as  fol- 
lows : 

A  Gentleman  of  the  Army  being  at  Ma- 
drid, ventured  to  do  his  King  (Charles  I.) 
a  Piece  of  Service  of  an  extraordinary  Nature ; 
which  being  thought  very  irregular,  he  was 
committed  to  an  uncommon  Prifon,  which 
had  no  Window  belonging  to  it,  only  a  Hole 
in  the  Wall,  at  which  the  Keeper  put  in  Pro- 
vifion,  and  prefently  clofed  it  again  on  the 
Out-fide,  but  not  perhaps  very  exactly :  For 
fome  Weeks  this  Gentleman  continued  in  the 
dark'  very  difconfolate,  but  afterwards  he  be- 
gan to  think  he  faw  fome  little  Glimmering  of 
Light,  which  from  time  to  time  increafed,  fo 
as  he  could  not  only  difcover  the  Parts  of  his 
Bed)  and  other  fuch  large  Objects,  but  at 
length  he  perceived  the  Mice  that  frequented 
his  Chamber  to  eat  the  Crumbs  of  Bread 
which  fell  upon  the  Ground,  and  difcenied 
their  Motions  very  well.  This  Relation 
Mr.  Boyle  tells  us  he  had  from  the  Gentle- 
man's own  Mouth;  and  that,  after  fome 
Months,  when  he  was  fet  at  Liberty,  he 
durft  not  leave  his  Prifon  on  a  fudden,  for 
fear  of  loofing   his  Sight   by   the    dazzling 

Light 
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Light  of  the  Day,    and  therefore  accuftom- 
ed  his  Eyes  to  it  by  flow  Degrees. 

Thefe  Inftances  are  fufficient  to  fhew,  that 
the  Eye  fees  befl  from  amongfl  Darknefs. 
Why  this  fhould  happen,  is  a  Problem  which 
Aguilonius,  in  the  61  ft  Proportion  of  his 
firfl  Book,  has  propofed  to  anfwer :  But  be- 
ing ignorant  of  the  taie  Manner  of  Vifion, 
it  needs  be  no  Surprife  'that  he  fhould  not 
fatisfy. 

The  true  Caufe  of  this  'Phenomenon  is  two- 
fold ;  the  firfl  depends  on  the  Mobility  of 
the  Pupil,  which,  by  accommodating  itfelf, 
as  much  as  is  poffible,  to  the  Quantity  of  Light* 
that  fhines  upon  the  Eye,  muft  dilate  con- 
fiderably  when  the  Eye  is  in  Darknefs ;  but, 
ceteris  paribus,  Objects  are  always  feen  mofl 
clearly  when  the  Pupil  is  dilated,  and  there- 
fore they  muft  alfo  be  feen  mofl  clearly 
when  the  Eye  is  furrounded  with  Darknefs. 
But, 

zdly,  There  is  yet  another  Reafon  of  this 
Phenomenon ;  for  underftanding  which,  I 
mufl  again  obferve,  that  the  adventitious 
Rays  that  come  from  Objects  to  which  the 
Eye  is  not  directed,  by  mixing  themfelves 
with  the  Pictures  on  the  Retina,  render  them 
confufed  and  faint.  Thus,  when  the  Image 
of  an  external  Object  is  cafl  upon  a  Sheet  of 
white   Paper,  by  means  of  a  hens  placed  in 
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a  Window,  the  Image  will  appear  very  clear 
and  diftinct,  if  the  Chamber  be  clofe,  fo  as 
no  Light  may  enter  but  thro'  a  fmall  Hole, 
behind  which  the  Lens  is  placed ;  but  if  the 
whole  Window  be  open,  or  if  otherwife  the 
Room  be  not  perfectly  dark,  the  Image  will 
not  be  diftinctly  exprefied  ;  but,  by  being  mixed 
with  the  adventitious  Light  of  other  Objects, 
will  appear  weak  and  confided.  The  fame 
Thing  therefore  muft  happen  to  the  Eye; 
Objects  mud  always  be  diftinctly  painted  on 
its  Bottom,  when  the  Eye  is  furrounded  with 
Darknefs,  and  receives  no  Light  but  what 
eomeS  from  the  Object  in  view ;  and  the  Ob- 
ject being  diftinctly  painted,  it  muft  alfo  be 
diftinctly  feen ;  but  when  the  Eye  is  furrounded 
with  Light,  the  Picture  will  be  faint  and 
obfcure,  becaufe  it  is  then  mixed  with  much 
foreign  Light  that  does  not  belong;  to  die 
Object  in  view,  and  therefore  the  Object 
will    be-  but    obfcurely   perceived. 


.  Q^U  ERY,     IV. 

§  52.  Whence  is  it  that  One  from  within  a 
Chamber  fees  the  Objects  that  are  without, 
hut  does  not  from  -without  fee  thofe  within? 

There  are   fome  Writers   of   Optics,  who 

have  fought  for  the  Caufe  of  this  Phenomenon 

Vol.  II.  A  a  in 
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in  the  Difference  which  there  is  betwixt  the 
free  Air,  and  that  {hut  up  in  the  Chamber 
but  altogether  without  Succefs.  For,  to  dip 
cover  the  true  Caufe  of  this  Phenomenon,  we 
need  only  reflect  upon  what  has  been  juft  now 
laid  with  regard  to  the  Eye's  feeing  befl: 
from  amongft  Darknefs ;  for  when  one  is  with- 
out, the  Objects  within  the  Chamber  being 
but  faintly  illuminated  in  comparifon  to  thofe 
that  are  without,  thofe  that  are  without  will 
excite  fuch  ftrong  and  lively  Motions  in  the 
Retina,  that  it  cannot  at  the  fame  time  be 
fenfibly  affected  by  the  faint  Light  of  the  Ob- 
jects that  are  within.  And  this  is  one  Reafon 
why  Objects  within  a  Chamber  cannot  be 
distinctly  feen  from  without,  unlefs  they 
be  as  much  illuminated  as  thofe  that  are 
without. 

Another  Reafon-  is,  That  the  Glafs  of 
the  Window  reflects  a  ftrong  Light  upon  our 
Eyes  while  we  are  without,  which  hinders 
the  faint  .  Light  coming  from  Objects  with- 
in the  Chamber,  from  making  any  fenfible 
Imprefficn  or  Picture  on  the  Retina. 

But  there  is  yet  a  third  Reafon  why  Ob- 
jects within  a  Chamber  are  not  feen  from 
without,  namely,  When  we  are  without,  our 
Pupils  will  be  contracted,  fo  that  only  a  fmall 
Portion  of  that  faint  Light  that  is  reflected 
from  the  Objects  within  the  Chamber  is  al- 
lowed 
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lowed  to  pafs  to  the  Retina.  But  it  hap- 
pens far  otherwife  to  thofe  that  are  within  the 
Chamber,  and  view  the  Objects  that  are  with- 
out; for  the  Light  of  the  Chamber  being 
faint  in  companion  with  that,  which  comes 
from  without,  and  paffes  thro'  the  Glafs,  it 
can  never  hinder  the  Retina  from  being  fuffici- 
ently  agitated  by  the  Light  that  comes  from 
without;  and  befides,  the  Pupil  will  be  di- 
lated, by  which  -Means  a  fufficient  Quantity 
of  Light  will  enter  the  Eye ;  for  the  internal 
Surface  of  the  Glafs  can  reflect  but  little  Light 
towards  the  Eye,  becaufe  the  Light  of  the 
Chamber  is  weak;  and  therefore  the  Pupil 
mull  dilate,  and  being  dilated,  the  Im predion 
made  on  the  Retina  by  the  Light  that  comes 
from  external  Objects,  will  be  ftrong  and 
lively;  neither  will  the  weak  Light,  that  w 
reflected  from  the  Glafs  or  other  Objects  within 
the  Chamber,  be  able  to  efface  the  Images 
that  are  thereby  painted  on  the  Retina. 


CilS  E  R  Y     V. 

§  53-  Whence  is  it  that  in  Candle-light,  when 
one  wants  to  fee  an  ObjeB  accurately,  it  is  necef- 
fary  to  hide  the  Candle  with,  the  Hand,  by  making 
its  Shade  fall  upon  the  Ey^? 

That  this  is  true,  no  Body  can  be  ignorant 
of,  that  has  ever  walked  in  the  dark  by  the 

Help 
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Help  of  a  Lantern  ;  for  every  thing  is  bed  feen; 
when  the  Light  of  the  Candle  is  intercepted, 
ib  as  it  may  not  fliine  upon  the  Eye. 

The  Reafon  of  this  is,  that  the  bright 
Light  of  the  Candle,  not  only  makes  the 
Pupil  contract,  but,  by  mixing  itfelf  with  the 
Images  of  the  other  Objects,  it  in  icme 
iiieafure  obliterates  them,  ib  as  they  cannot  be 
fo  well  perceived :  But,  when  this  adventitious 
Light  is  intercepted  with  the  Hand,  then  the 
Pupil  will  widen,  and  admit  a  greater  Quart* 
tityof  the  Rays  that  come  from  the  Object 
we  want  to  fee,  neither  will  the  Image  made 
by  thefe  Rays  be  rendered  faint  or  obicure  by 
being  mixed  with  the  Light  of  the  Candle 
which  is  now  intercepted. 

§  54.  From  this  we  may  fee,  why  thofe 
who  are  in  a  very  bright  and  refplendent  Air, 
when  they  would  accurately  obferve  any  Thing 
at  a  great  Diftance,  they  are  obliged  to  deprefs 
their  Eye-brows,  or  apply  their  Hand  to  their 
Fore-head,  for  making  a  Shade  upon  their 
Eyes :  And  it  is  altogether  idle  and  ridiculous, 
to  fearch  for  the  Caufe  of  this  Phenomenon  in 
the  Concavity  of  the  Hand  directing  the 
Species  of  Objects,  and  helping  them  to  enter 
the  Eye,  as  a  great  many  antient  Phyficians 
and  Philosophers  did  imagine. 

We  may  from  this  alfo  ice,  whence  it  comes 
to  pais  that  Hollow-eyed  People  do  for  ordi* 

nary 
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nary  fee  much  better  than  others,  and  especial- 
ly than'thofe  whofe  Eyes  are  protuberant;  for 
when  the  Eyes  are  hollow  or  much  funk 
within  the  Orbit,  they  kre  more  in  Obfcurity, 
and  better  fhaded  from  foreign  Light  that  does 
jiot  belong  to  the  ObjecT:  in  view ;  wrhereas, 
when  they  are  protuberant,  more  of  this  fo- 
reign Light  enters  the  Eye.  I  formerly  ob- 
ferved,  that,  when  a  long  Tube  is  applied  to 
the  Eye,  the  Stars  may  be  feen  thror  it  in 
bright  Day-light ;  the  Reafon  of  which  is, 
that  no  foreign  Light  is  allowed  to  enter  the 
Eye.  The  fame  Thing  muft  therefore  happen 
in  fome  meafure,  when  the  Eyes  are  hollow 
and  much  funk  in  the  Socket;  for  the  Edge 
of  the  Socket  will  caft  a  Shade  upon  the  Eye, 
and  intercept  a  good  deal  of  that  foreign 
Light  that  does  not  belong  to  the  ObjecT:  in 
view,  efpecially  if  the  Eye-brows  are  deprelied 
at  the  fame  time;  whence  it  is,  that  fomq 
Hollow-eyed  Perfons  have  been  able  to  fee  the 
Stars  in  the  Day-time  (tho'  perhaps  not  fo 
well  as  from  the  Bottom  of  a  Pit,  or  thro' 
a  long  Tube)  asPLEMPius  has  obferved. 
But  thofe  whofe  Eyes  are  prominent  can 
never  fee  the  Stars  in  Day-light ;  becaufe  the 
foreign  Light  that  fhines  upon  the  Eye,  not 
only  makes  the  Pupil  contract,  by  which  the 
Pictures  in  the  Retina  are  rendered  more  faint 
and  obfcure,  but,  by  mixing  with  the  Pictures, 

it 
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it  weakens  them  fo  much,  that  they  cannot  at 
all  be  perceived.  But  they  have  a  remedy  at 
hand,  whereby  their  Sight  may  be  much  help- 
ed, which  is,  to  fold  their  Hand  fo  as  only 
a  fmail  Hole  may  be  left,  thro'  which 
Objects  are  to  be  viewred;  this  forms  a 
Shade  upon  the  Eye,  by  which  their  Sight 
is  rendered  as  good  as  in  thofe  who  are 
naturally  Hollow-eyed,  unlefs  they  be  alfo. 
fhort-fighted ;  which  is  indeed  very  com- 
mon to  facia  as  have- prominent  Eyes. 


Q^U  E  R  Y    VI. 

§  55*  Whence  is  it,  that  when  we  have  been 
for  forne  Tune  in  a  Place  much  illuminated,  and 
then  go  into  another  much  lefs  bright,  or  when 
we  go  from  a  Place  that  is  but  faintly  illumina- 
ted into  another  that  is  very  bright,  the  Sight,  for 
fome  Time,  is  much  impaired.? 

The  Anfwer  to  this  is  eafy:  For,  in  an 
illuminated  Place,  the  Pupil  is  contracted, 
that  the  Retina  may  receive  no  Injury  from 
the  Multitude  of  Rays;  yet  it  will  be  very 
much  affected  by  them,  becaufe  the  Light  is 
ftrong;  and  when  the  Mind  has  been  ac- 
cuftomed  to  thefe  greater  Motions,  it  will 
not  for  fome  Time  be  much  affected  by  leffer 
ones ;  and  therefore,  when,  in  this  Condition, 
any  one  fhall  enter  a  darkifh  Place,  as  now 

only 
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only  a  very  little  Light  pafTes  thro'  the  Pupil, 
the  Retina  will  be  but  little  affe&ed  by  it,  and 
the  Mind,  having  been  accuftomed  to  ftronger 
Impreffions,  will  hardly  perceive  any  thing; 
lience  follows  fome  Kind  of  Blindnefs,  and  all 
things  continue  obfeure  till  the  Pupil  by  de- 
grees is  a  little  enlarged,  and  more  Light  paffes 
thro'  it,  and  the  Mind  can  accommodate  it- 
felf  to  milder  Impreflions. 

From  this  we  may  fee,  why  it  becomes 
advifable  that  fuch  as,  from  a  very  light 
Houfe,  are  obliged  to  go  home  in  the  dark, 
fhould  keep  their  Eyes  fhut  for  fome  Time 
before  they  go  out ;  for  by  this  Means  the 
Pupil  will  dilate,  fo  as  to  enable  them  to  fee 
the  Road,  and  avoid  the  Precipices  and  Dan- 
gers that  may  be  in  their  Way.  It  was  by 
this  Method  that  Plempius,  for  his  Di  verfion, 
impofed  fo  far  on  fome  of  his  Friends,  as  to 
make  them  believe  that  he  law  in  the  dark, 
(Ophthalmograph,  lib.  4.  prohl.  52.)  ;  and  as  he 
was  fhort-fighted,  as  he  himfelf  tells  us,  (Probl. 
17.)  he  behoved  to  fee  with  much  lefs  Light 
than  others  whofe  Eyes  are  good,  which  would 
contribute  a  good  deal  to  forward  the  Deceit. 
Mr.  Du  Fay  alfo,  by  this  Method,  could 
fee  the  weak  Light  of  Diamonds  in  a  dark 
Room,  which  could  not  be  feen,  when  he 
entered  the  Room  with  both  Eyes  open ;  as  has 
been  before  obferved. 

On 
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On  the  other  hand,  in  coming  fuddenly 
from  among  Darknefs  into  Light,  we  cannot 
for  fome  Time  fee  any*  thing  right,  becaufe 
we  are  not  able  to  bear  the  Light  which  enters 
the  dilated  Pupils  in  too  great  Plenty,  and  pro- 
duces  a  painful  Agitation  in  the  Retina. 
Hence  it  is,  that  thofe  who,  from  deep  Caves 
or  Pits,  come  into  the  Light,  ought  to  be 
careful  not  to  advance  too  faft,  left  they  lofe 
their  Sight  by  the  fudden  Influx  of  Light, 
There  is  a  remarkable  Inftance  of  this  to  be 
feen  in  Galen;  for,  in  his  ioth  Book  de 
Ufu  Part  him,  he  tells  us  of  fome  miferable 
Captives,  whom  Dionysius  the  Tyrant  of 
Sicily  ufed  to  bring  forth,  from  the  dark  Dun- 
geon in  which  they  were  confined,  into  a 
white  well  lighted  Room,  and  who,  not  being 
able  to  bear  the  Hidden  Tranfition  from  Dark- 
nefs to  fo  bright  a  Light,  were  thereby  im- 
mediately blinded. 


dU  E  R  Y    VII. 

§  56.  Whence  is  it  that  fome  People  fee  in 
the  Dark? 

We  do  not  here  inquire,  why  lucid  or  illu- 
minated Obi  efts  are  feen  by  Night,  when  the 
Eye  is  involved  in  Darknefs ;  but  our  Meaning 
is,  to  account  for  the  Appearance  of  Objects 

in 


Chap.V.  Of  the  Pupil  and  its  Motions,  Sec.  193 

in  the  Night-time  when  they  are  neither  lucid 
nor  illuminated. 

That  Cats,  Mice,  Rats,  Owls,  and  Bat-birds, 
do  fee  in  the  dark,  has  never  been  doubted ; 
but  whether  the  fame  Thing  does  ever  obtain 
in  Man,  has  been  difputed,  and  is  not  fo  uni- 
verfally  believed:  Yet  the  Faft  has  been  fo 
often  attefted,  and  that  by  Perfons  of  undoubt- 
ed Probity,  that  none  but  an  intire  Sceptic  can 
withhold  his  Affent.  Thus,  Plinius  and 
Suetonius  tell  us,  that  Tiberius  Cesar 
had  his  Eyes  fo  made,  that  being  wakened  in 
the  Night-time,  he  faw  every  Thing  as  clearly 
as  if  they  had  been  illuftrated  with  bright 
Light,  but  that  in  a  little  they  gradually  grew 
fainter  and  fainter,  till  at  laft  they  difappeared. 
And  the  fame  Thing  is  alfo  told  of  Alexan- 
der. Asclepiodorus  the  Philofopher  is 
laid  to  have  read  Books  in  the  Night-time, 
without  the  Affiftance  of  a  Candle,  or  any 
other  Light.  And  Hieronimus  Carda- 
nus,  that  noble  Mathematician  and  Profeflbr 
of  Phyfic  at  Biilloigna,  who  is  yet  famous  for 
fome  of  his  Writings,  allures  us,  that,  when 
he  was  young,  he  needed  not  the  Affiftance 
of  a  Candle  to  read  in  the  dark.  C/elius 
Rhodiginus  affirms  the  fame  Thing  of 
himfelf,  and  takes  God  to  Witnefs  the  Truth 
of  what  he  writes.  Briggs,  Willis, 
Schenkius,  Platerus,  Aq_uapendent, 
Vol.  II.  B  b  and 
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and  many  other  medical  Writers,  mention  others 
much  in  the  fame  Circumftances :  And  the 
In  fiance  formerly  given  from  Boyle,  of  an 
Officer  in  the  Army,  who,  being  thrown  into 
a  dark  Prifon,  into  which  no  Light  was  al- 
lowed to  enter,  came  at  length  to  fee  the  Mice 
that  frequented  his  Chamber,  is  a  further 
Proof  of  the  fame  Thing.  And  now  indeed 
I  fmd,  that  this  Faculty  of  Seeing  in  the  dark 
has  been  pretty  familiar  to  many  great  and 
learned  Men,  fuch  as  both.  Scaligers, 
Julius  C;esar  the  Father,  and  Josephus 
Justus  the  Son,  Casaubon,  Joannes  Bap- 
tista  Porta,  Sabellicus  the  Hifto- 
riographer,  <&c.  If  any  yet  defire  farther 
Satisfaction  in  this  Point,  they  may  con- 
fult  Joseph  Scaliger  on  the  Life  of  his 
Father,  and  Bart k oline  deLuce  Animalium: 
But,  for  my  Part,  I  think  what  hath  been  faid 
fufficient.  Let  us  now  inquire  into  the  Caufe  of 
this  ftranp'e  and  uncommon  Phenomenon. 

§  57.  That  Light  is  a  neceffary  Condition  for 
Vifion,  no  Body  ever  doubted.  But  it  has  been 
difputed,  whether  it  be  neceflary,  confidered 
as  belonging  to  the  Object,  or  as  belonging  to 
the  Eye,  or  as  belonging.to  both.  A  great  ma- 
ny of  our  antientPhyficians,  as  well  as  Philofo- 
phers,  were  of  Opinion,  that  either  the  Light  of 
the  Object,  or  that  of  the  Eye,  was  fufficient  for 
feeing  Objects ;  for  they  imagined  that  Vifion  was 

produced 
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produced  by  a  continual  Emanation  of  certain 
Species  or  Images,  which  they  fuppofed  were 
conitantly  emitted  to  the  Eye  from  the  Ob- 
ject, and  that  Light  only  ferved  to  illuminate 
them  and  render  them  fenfible  :  And  thus 
they  accounted  for  nodurnal  Vifion  from  the 
inherent  Light  of  the  Eyes  illuft  rating  the 
Species  of  Objects,  that,  with  them,' do  conftant- 
ly  flow  into  the  Eye,  by  Night,  as  well  as  by 
Day.  -  To  confirm  this  Hypothefis,  they  ob- 
ferve,  that  Cats,  Owls,  and  flich  like  nodiur- 
nal  Animals,  have  Eyes  that  fhine  in  the 
dark ;  and,  from  this  Radiation  of  their  Eyes, 
they  conclude,  that  they  are  poffeffed  of  an 
inherent-  Light,  whereby  the  Species  of  Ob- 
je&s  may  be  difcovered.  But  this  Hypothe- 
fis, however  fpecious,  can  only  fatisfy  liich  as 
are  Strangers  to  our  more  modern  Difcoveries. 
For, 

1  ft,  Tho'  the  Eyes  of  nodhirnal  Animals 
appear  bright  and  refplendent  in  the  dark,  yet 
this  does  not  proceed  from  any  inherent  Light 
in  the  Eyes,  but  from  a  faint  Light  that  ftill 
remains  in  the  Place,  which  being  reflected 
by  the  Tapetum  in  the  Fund  of  the  Eye,  be- 
comes vifible ;  for,  in  fitch  Animals,  the  Pupil 
being  extraordinary  large,  admits  a  great 
deal  of  Light,  and  the  Tapetum,  which  in 
other  Animals  is  black,  or  of  a  dark  Colour, 
in  them  is  of  a  fine  refplendent  Sky-blue,  or 

other 
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other  bright  Colour,  by  which  all  the  incident 
Light  is  reflected  in  the  fame  manner  as  by  a 
concave  Mirror  that  is.  well  poliAied: 

That  this  is  true,  is  manifeft  from  the  fol- 
lowing Experiment :  Take  a  Cat,  and  fhut 
her  up  in  a  very  clofe  Room,  into  which  no 
Light  enters ;  and  having  brought  in  a  dark 
Lantern  with  a  Candle  burning  in  it,  if  the 
Lantern  be  exactly  fhut,  and  have  a  Cloth 
covering  it,  the  better  to  prevent  any  Light's 
getting  into  the  Room,  the  Eyes  of  the  Cat 
will  not  appear.  But  as  foon  as  the  Lantern  is  a 
little  opened,  that  a  little  glimmering  Light  may 
be  fent  into  the  Room,  tho'  the  Room  appear 
jftill  dark,  yet  you  fhall  then  obferve  two 
bright  Lights  in  the  Corner  of  the  Room 
fliining  like  Candles,  which  are  nothing  but 
the  Eyes  of  the  Cat  illuminated  by  the  faint 
Light  of  the  Lantern;  for,  fo  foon  as  the- 
Lantern  is  again  exactly  Aiut,  thefe  Lights  dif- 
appear. 

This  Experiment  was  made  by  the  famous 
Bohn  Profeflbr  at  Leipfick,  a  Man  of  un- 
doubted Veracity,  as  well  as  Learning,  and. 
therefore  may  fafely  be  relied  on.  (See  his 
Civ  Cuius  Anatomicus,  Progjmuafma  xxvii.)  And 
we  have  another  Experiment  to  the  fame 
Purpofe  in  Van  Helmomt  (de  Form,  Ortti, 
Sed.  50.)  which  I  need  not  relate. 

But, 
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But,  idly.  Allowing  that  there  is  an  inherent 
Light  in  the  Eyes  of  nocturnal  Animals,  yet 
this  Light  would  be  fo  far  from  helping  them 
to  fee  by  Night,  when  the  Light  is  faint,  that 
it  would  very  much  darken  their  Sight,  even  in 
the  Day-time,  by  effacing  the  Images  painted 
on  the  Retina.     Thus  we  fee  that  the  Images 
of  external  Objects  caft  upon  a  Sheet  of  white 
Paper,  by  means  of  a  Lens  placed  at  a  Hole  in  the 
Window-fhut  of  a  dark  Chamber,  are  render- 
ed weak  and  faint,  by  the  Admiffion  of  Light : 
And  it  is  for  this  Reafon  that  provident  Nature 
has  darkened  the  internal  Eye,  by  clothing  it 
with    opaque  Tunicles,    only  pierced   with  a 
fmall  Pupil  for  admitting  a  fufficient  Quantity 
of  Light  from  the  Object  in  view.     Pl em- 
pi  us,  to   evite   the   Force  of  this  Objection, 
abandons  the  Opinion    of  the  Galenists, 
who  thought  that  this  inherent  Light  was  lod- 
ged  in  the  Crystalline,  with  them  alfo  the  im- 
mediate Organ  of  Vifion  ;  and  maintains  that 
it  proceeds  from  the   external  Surface    of  the 
Iris,  and  that  it  illuminates  the  Species  as  they 
enter  the  Eye,  without  illuminating  the  inward 
Eye  itfelf.     But,  to  this  I  anfweiv  that,   were 
the  inherent  Light  of  the  Iris  fufficient  for  Vi- 
fion, without  any  Illumination  of  the  Object, 
then  all  of  us  would  fee  Objects  in  the  dark, 
by  placing  a  Candle  near   our  Eyes,  for  illu- 
minating the  dark  Species  as  they  enter  the 

Eye; 
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Eye  ;  which  is  contrary  to  Experience.  And 
befides,  this  Notion  of  Species  or  Images  that 
are  fuppofed  to  proceed  conftantly  from  Ob- 
jects by  Night,  as  well  as  by  Day,  is  now  well 
known  to  be  but  a  learned  Romance,  that  has 
no  Foundation  in  Nature  :  From  all  which 
it  follows,  that  nocturnal  Vifion  does  never 
proceed  from  any  inherent  Light  in  the  Eyes : 
It  is  always  neceiTary  that  the  Objects  them- 
felves  be  more  or  lefs  illuminated ;  and  tho'  we 
cannot  fee  in  the  Night-time,  yet  it  does  -not 
from  thence  follow,  that  there  is  then  an  in- 
tire  Privation  of  Light,  or  that  Objects  are 
not  at  all  illuminated,  but  only  that  the  Light  is 
too  faint  and  languid  to  produce  that  Motion 
in  our  Retina's  that  is  neceflary  for  Vifion ; 
and,  on  the  contrary,  when  others  are  able  to 
read  by  Night,  as  well  as  by  Day,  this  can 
proceed  from  nothing  but  fome  very  favour- 
able Difpofition  in  their  Eyes,  whereby  they  are 
rendered  fenfible  of  the  Impreffions  of  the  weak- 
eft  Light. 

§  53.  Wherein  this  lucky  Difpofition  con- 
flicts, we  think  may  be  reduced  to  three 
Heads  : 

fji;  They  inufl  have  the  Retina  very  ten- 
der and  delicate  ;  this  will  render  it  fenfible  of 
the  fainteft  Rays. 

zdly,  They  mud  have  the  Cornea  and  Hu- 
mours of  the  Eye  very  clear  and  tranfparent, 

that 
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that  none  of  the  Light  may  be  intercepted, 
but  that  all  of  it  may  freely  pafs  to  the  Retina ; 
for  when  Light  paffes  thro'  a  thin  Plate  of  pure 
Glafs,  it  is  found,  by  Experience,  that  at  each  of 
its  Surfaces  about  a  -ninth  or  tenth  Part  of  the  in- 
cident Light  is  reflected;  which  fhews  that  a 
good  deal  of  the  Light  which  falls  on  the  Eye 
muftbe  reflected  back  at  the  external  Surface 
of  the  Cornea,  and  at  both  Surfaces  of  the 
Cryftalline,  urricfs  when  the  Cornea  and  Hu- 
mours of  the  Eye  are  made  very  clear  and 
tranfparent.  The  following  Experiment  will 
throw  fome  Light  upon  this  Matter  : 

Upon  a  Table  place  two  Candles  of  equal 
Height,  and  burning  with  equal  Brightnefs,  at 
equal  Diftances  from  a  Sheet  of  white  Paper, 
and  fet  a  Book  upright  between  one  of  the 
Candles  and  the  Paper,  fo  as  it  may  cut  off  the 
Light  of  that  Candle  from  the  one  Half  of 
the  Paper,  while  the  other  Half  is  illuminated 
by  both  Candles.  By  this  Means  one  Half  of 
the  Paper  will  be  twice  as  luminous  as  the  o- 
ther  Half.  Then  take  a  flat  thin  Piece  of 
clear  Glafs,  and  hold  it  in  fuch  Manner  as  to 
look  perpendicularly  thro'  it  at  the  more  lu- 
minous Half  of  the  Paper,  the  other  Eye  be- 
ing fhut,  and  to  fee  the  other  Half  of  the 
Paper  with  the  fame  Eye  befide- the  Glafs. 
In  doing  this,  you  .fliall  obferve,  that  the  more 
luminous  Half  of  the  Paper  ken  perpendii 
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larly  thro'  the  Glafs,  appears  much  brighter 
than  the  other  Half  of  the  Paper  feen  with  the 
bare  Eye  on  the  Side  of  the  Glafs ;  confequent- 
ly  lefs  than  Half  the  Light  is  reflected  back 
from  the  two  Surfaces  of  the  Glafs,  and  more 
than  Half  is  tranfmitted  thro'  thofe  two  Sur- 
faces to  the  Eye.  And  the  fame  Thing  hap- 
pens, when  another  Piece  of  Glafs  is  held 
parallel  to  the  firft  Piece,  fo  as  to  look  thro' 
them  both  at  the  more  luminous  Half  of  the 
Paper. 

But,  in  looking  thro5  three  fuch  GlafTes  in 
the  fame  Manner,  Dr.  Jurin  found,  that  the 
two  Halfs  of  the  Paper  appeared  nearly  of  the 
fame  Brightnefs  ;  confequently,  about  Half 
the  Light  is  reflected  back  by  the  three  GlafTes 
put  together. 

Now,  if  we  fuppofe  that  at  each  of  the  fix 
Surfaces  a  certain  proportionable  Part  of  the 
incident  Light  is  reflected,  and  the  reft  tranf- 
mitted ;  and  that  one  Half  of  the  whole  Light 
is  reflected  back  from  the  fix  Surfaces  put  to- 
gether, and  that  the  remaining  Half  is  tranf- 
mitted thro'  the  laft  Surface  to  the  Eye,  as  is 
agreeable  to  the  above  Experiment :  Then, 
calling  the  whole  Light  i ,  and  the  Part  reflected 
back  at  the  firft  Surface  x ;  the  Part  tranfmitted 
thro'  that  firft  Surface  fhall  be  i  — x ;  the  Part 


tranfmitted  thro'  the  2d  Surface  1 — x  ;  the  Part 
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tranfinitted  thro'  the  3d,  4th,  5th,  6th  Sur- 
faces, 1  —  x\  1 — x\ v ,  i—x  ,,  i—x,6  refpec- 
tively:  But  the  Part  Iran fmitted  through  the 
fixth  Surface  to  the  Eye,  being  j-  or  0.5,  it'fol- 

; 6   l 

lows,  that  1 — x6  zz  0.5;    or  1  —  x  ±  \/  0.5, 

6 
whence  x  =1  —  t/0.5,  =  0.10918  ;  that  is, 
about  TVV  of  the  incident  Light  is  reflected 
back  at  the  firft  Surface,  which  is  about  -| 
Part  of  the  whole  Light,  and  about  T%%-  is 
tranfmitted  through  that  Surface. 

3^/y,  and  Laftly,  thofe  who  fee  in  the  dark 
muft  have  the  Pupil  very  moveable;  by  this* 
they  can  adapt  it  to  the  Strength  and  Weak- 
nefs  of  the  Light.  Thus  Cats,  who  fee  both 
by  Day  and  Night,  have  their  Pupils  fo 
moveable,  that  they  can  fhut  them  up  fo  clofe, 
as  to  admit  of,  as  it  were,  only  one  fingle 
Ray,  and,  by  throwing  all  open,  they  cari 
take  in  the  fainted:  Rays.  This  is  an  in- 
comparable Provifion  for  fuch  Animals  as  have 
occafion  to  fee  both  by  Day  and  Night ;  and 
we  are  of  opinion,  that  feme  fuch  Mobility 
does  alio  obtain  in  human  Eyes  that  fee  in 
the  Dark.  Neither  is  it  alone  {efficient,  that 
their  Pupils  be  wider  than  ordinary,  as  Dr. 
Brigg's  infmuates  (Ophthalmograph.  Cap.  5. 
§12.)  His  Words  are:  Virum  fane  calidz 
indolis  novi,  in  Comitatu  Bedfordienji  degentem, 
qui  ocidis  felineis  donatiis  eft :     adeo  ut  epijlolam, 
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mire  admodum  in  loco  obfcuro   (ttbi  eadem  mihi 
vix  apparuit)  perlegit.      Hujus  vero  oculi  [nift 
quod  pupillas  infigniores  obtinuere)    ab  aliorum 
formatione  neutiquam  difcrepabant. 

But,  it  is  more  than  probable,  that,  had  the 
Doctor  examined  his  Eyes  with  more  Care,  he 
would  not  only  have  found  his  Pupil  large,  but 
alfo  exceedng moveable;  for,  without  fuch  a 
Mobility,  it  feems  impoffible  that  one  who 
fees  by  Night  fhould  be  able  to  bear  the 
ftrong  Light  of  Day,  and  therefore  would  be 
obliged  to  hide  himfelf  therefrom,  like  the  Owl 
and  Bat-bird,  that  fee  in  the  dark,  becaufe 
their  Eye  is  almofl  all  Pupil,  but  cannot  fuf- 
fer  Day-light,  becaufe  their  Pupils  do  not  con- 
trad:  fo  much  as  is  neceffary  for  enabling  them 
to  bear  fo  ftrong  a  Light. 


d  U  E  R  Y     VIII. 

§59.  Whence  is  it,  that  when  there  is  an  opaque 
round  Spot,  or  partial  Cataract  in  the  Middle  of 
the  Cryftalline,  txacJly  behind  the  Pupil,  but 
a  little  lefs,  the  Eye  thus  affefied  cannot  at 
all  fee  in  bright  Day-light,  but  in  Twilight 
does  fee,  tho*  faintly  ? 

The  Reafon  of  this  is,  that  tho'  the  Opacity 
of  the  Speck  be  fuch  as  would  deprive  the  Eye 

of 
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of  Sight,  did  it  extend  over  the  whole  Pu- 
pil, yet  it  does  not  altogether  hinder  the  Rays 
from  getting  to  the  Retina ;  and  therefore,  in 
Day-light,  the  Pupil  will  be  made  to  contract 
by  the  Rays  that  pafs  thro'  the  Speck,  in  like 
manner  as  it  contracts  in  Cataracts,  when  the 
whole  of  the  Cryftalline  is  affected ;  and  the 
Pupil  being  contracted,  all  the  Rays  that  pafs 
thro'  it,  will  fall  on  the  opaque  Spot,  and  will 
not  paint  any  Picture  upon  the  Retina ;  whence 
every  thing  becomes  invifible,  juft  as  in  a  Ca- 
taract, when  the  whole  of  the  Cryftalline  is 
opaque :  But,  in  the  Twilight,  the  Pupil  dilates ; 
and  therefore  the  Rays,  which  pals  furtheft 
from  its  Centre,  will  not  fall  upon  the  opaque 
Spot,  but  will  be  tranfmitted  to  the  Retina 
in  the  ufual  manner,  for  painting  thereon 
the  Images  of  external  Objects ;  which  will 
therefore  become  vifible.  But,  becaufeofthe 
Interception  of  the  Rays  next  the  Centre  of  the 
Pupil  which  fall  on  the  Spot,  Objects  will  appear 
more  faint  and  obfcure  than  they  would  have 
done  had  the  Eye  been  found.  This  I  take  to  be 
the  chief  Caufeof  thcNydilopia  of  Hippocra- 
tes, which  may  take  place,  tho' the  Speck 
be  not  fo  opaque  as  to  be  vifible,  and  which 
therefore  may  pafs  unobferved ;  for  we  find  in 
Cataradts  that  the  Sight  is  greatly  impaired, 
even  when  the  Opacity  of  the  Cryftalline 
fcarce  exceeds  that  of  Smoke,  and  does  not 

appear 
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appear  to  common  Qbfervers :  But  if  this 
Speck  be  confiderably  lefs  than  the  Pupil,  the 
Eye  mull  fee  by  Day  as  well  as  in  the  Twi- 
light ;  for  tho'  the  Pupil  is  made  to  contract 
by  the  Light  of  Day,  yet  it  will  not  contract 
ib  much,  but  that  fome  of  the  Rays,  next  its 
Circumference,  will  pais  to  the  Retina,  without 
falling  upon  the  Speck..  And  from  this  we  may 
fee,  how,  from  fuch  a  Speck,  according  as  it 
is  fmaller  or  greater,  we  may,  in  Day-light, 
either  fee  better  or  worfe,  or  not  at  all ;  and 
when  we  can  fee  in  Day-light,  the  Sight  may 
be  either  equal  to  what  it  is  in  Twilight,  or 
ftronger  or  weaker  in  any  Proportion.  And 
what  has  been  faid  of  a  Speck  in  the  Cryftal- 
line,  will  alfo  hold  when  fuch  a  Speck  is  on 
the  Cornea. 

§  60.  Galen  imagined,  that,  from  fuch 
a  Speck  in  the  Middle  of  the  Pupil,  Objects 
appear  perforated  with  a  Hole  in  their  Middle, 
correfponding  to  the  Magnitude  of  the  Speck ; 
and  in  this  he  has  been  followed  by  almoft 
all  Phyficians,  till  of  late,  that  Optics  come 
to  be  better  underftood  by  them.  Si  in  Pn- 
filhe  centro  (fays  he,  de  Symptom.  Cauf.  Lib.  1. 
Cap.  1.)  exigua  confifiit  fit /pi  fid,  partibus  quz 
i;i  circuitu  fwit  manentilms  ptiris ,  omnia  Us  qui  it  a 
labor  ant,  veluti  fenejiras  habere  videntur  ;  nam 
id  quod  in  medio  non  videtur,  excifum  ejfe 
putatur.     Thefe  are  Galea's  Words,  as  they 
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{land  in  the  Tranflation.  But,  from  what  I 
have  formerly  faid,  (to  which  the  Reader  may 
have  Recourie)  it  is  evident,  that,  from  fuch 
Specks,  no  Hole  or  dark  Spot  will  be  feen  in 
the  Object,  excepting  only  when  the  Eye  is 
remarkably  myopical  or  prefhytical. 


dU  E  R  Y     IX. 

§  61.  Whence  is  it,  that,  when  the  Half  of 
the  Pupil  is  obftrucled  by  a  Speck  on  the  Cornea 
or  Cry  ft  al line,  the  Eye  fo  affecled,  fees  Objeils 
coloured  at  their  Edges,  as  when  feen  thro*  a 
Prifm  ? 

The  Reafon  of  this  is,  that  the  diaphanous 
Part  of  the  Cryftalline,  thro'  which  the  Rays 
pafs,  is  like  a  Wedge  or  Prifm,  being  thick  in  one 
place  and  thin  in  the  oppofite  one ;  and  there- 
fore the  Rays,  by  their  unequal  Refradtion, 
rauft  be  (eparated  into  Colours,  in  like  man- 
ner as  they  are  feparated  when  they  pais  thro' 
a  Prifm  ;  neither  will  thefe  Colours  be  diluted, 
by  being  mixed  with  the  intercepted  Rays, 
which,  had  there  been  no  Speck,  would  have 
been  refracted  the  contrary  way.  And  this  al- 
io is  the  Reafon,  that  an  Object  which  ap- 
pears double  when  viewed  thro'  two  fmall  Holes 
in  a  Card,  is  then  alfo  feen  coloured. 

§  62.  Many  antient  Phyficians  affirm,  that 
when  the  Half  or  any  Part  of  the  Pupil   is 
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obftrudted  by  fuch  a  Speck,  a  fimilar  Part  of 
the  Objed:  will  be  darkened;  having  been  led 
into  this  Miftake  by  what  Galen  fays  of 
Obje&'s  appearing  perforated,  when  there  is  a 
circular  Speck  in  the  Middle  of  the  Pupil. 
But,  fince  I  have  already  fhown,  from  the 
Principles  of  Optics,  that  no  Speck  in  any 
part  of  the  Pupil  can  darken  any  one  Part  of 
the  Picture  on  the  Retina  more  than  another, 
nnlefs  the  Eye  be  remarkably  prelbytical  or 
myopical ;  it  follows,  that  no  Part  of  the  Ob- 
ject can  appear  dark  or  wanting  from  any  fuch 
Speck  or  Obftru&ion ;  and  if  any  one  defires  an 
experimental  Proof  of  this,  he  needs  only  darken 
any  Part  of  a  Lens,  by  applying  Patches  or  fuch 
like  fmall  opaque  Bodies,  and  by  means  there- 
of caft  the  Image  of  any  Object  without  Doors 
on  a  Sheet  of  Paper,  in  a  dark  Room ;  for,  if 
the  Paper  be  at  a  due  focal  Diftance  from  the 
Lens,  no  Defedl  or  Spot  will  be  found  in  the 
Picture :  And,  were  it  otherwife,  Cats  would  be 
liable  to  fuch  a  Depravation  of  Sight,  as  would 
render  their  Eyes  almoft  ufelefs  to  them ;  for 
their  Pupils  are  fometimes  large  and  circular, 
and  at  other  times  contra&ed  into  a  long  nar- 
row FiiTure,  which  would  have  a  prodigious 
Effect  on  the  Magnitude  and  Figure  of  Objects, 
did  their  Magnitude  and  Figure  depend  on 
the  Magnitude  and  Figure  of  the  Pupil :  But 
this  Change  in  their  Pupils  has  no  fuch  Effeft; 
all  that  it  does  is  to  render  Objects  more  or 
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lefs  bright,  according  as  the  Pupil  is  more  or 
lefs  dilated  ;  for  the  Rays  that  come  from  the 
feveral  Points  of  the  Object  being  fo  refracted, 
as  to  meet  again  at  fo  many  correfponding 
Points  in  the  Retina,  it  is  evident,  that  every 
Point  of  the  Picture  is  formed  by  a  diftinct 
Cone  or  Pencil  of  Rays,  whofe  common  Baf/s 
is  the  Pupil ;  and  therefore,  tho'  fome  of  the 
Rays  belonging  to  each  Pencil  be  intercepted, 
either  by  the  Contraction  of  the  Pupil,  or  by  a 
Speck  in  any  Part  of  it,  yet  no  one  Part  of 
the  Picture  will  be  more  darkened  than  an- 
other, and  confequently  no  Defect  will  be 
feen  in  the  Object.  And  this  is  the  true 
Reafon  why  the  Figure  or  Magnitude  of  Ob- 
jects are  never  affected  by  any  Alteration  made 
in  the  Figure  or  Magnitude  of  the  Pupil ;  of 
which  many  Inftances  might  be  given. 
Plempius,  in  his  Ophthalmographs  a,  {Pro- 
blem. 24.)  tells  us  of  feveral  who  had  one  of 
their  Pupils  obftructed,  fo  as  only  a  fmall 
Crefcent,  fimilar  to  the  illuminated  Part  of 
the  new  Moon  of  three  or  four  Days  old,  was 
left  free,  to  whom  every  thing  appeared  of  the 
fame  Magnitude  and  Figure  as  to  others.  And, 
in  the  fame  Treatife  {Lib.  3.  Cap.  8.)  he  gives 
us  the  like  Inftance  in  a  Woman,  who  had  one  of 
her  Pupils  oval.  His  Words  are :  Vidi  ego  et  novi 
matt mam,  cujus  finijlri  oculi  pupilla  aprimordiis 
oralis  or  at,  mdebat  tamen res  uti  nos*  And  Bar- 
It  holine  alfo,  in  the  AftaHafoia  {ami.  1671 

and 
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and  1672,  Oh  few.  xxx.)  gives  us  a  fimilar  Cafe, 
in  a  young  Man,  who  from  his  Birth  had  the 
Pupil  of  the  Left-Eye  of  an  oblong  irregular 
Figure,  and  yet  he  faw  Objects  with  it  the  fame 
as  with  the  other.  Many  more  Obfervations 
of  the  like  Kind  might  be  given  ;  but  more,  I. 
think,  are  unneceffary. 


CHAP.     VI. 

Of  the  UJe  of  the   Black  Pigment  covering  the 
Uvea  and  Choroid.es. 

HAVING,  in  the  preceeding  Chapter,  in- 
quired into  the  Ufe  of  the  Pupil,  and 
the  Benefits  we  receive  from  its  Motions,  what 
falls  next  in  order  to  be  explained,  is  the 
Utility  of  that  black  Pigment,  wherewith  both 
Sides  of  the  Uvea  and  Choroides  are  for  the 
moil  Part  covered. 

Sect.  i.  Fir  ft  then,  the  Uvea  is  covered 
with  this  black  Pigment,  that  it  may  be  ren- 
dered the  more  opaque,  for  the  better  hinder- 
ing any  Light  to  enter  the  Eye,  but  what 
paifes  the  Pupil ;  for  no  thin  Membrane  is  al- 
together opaque,  unlefs  it  be  of  a  black  Co- 
lour, even  our  Eye-lids  themfelves  allow  a  good 
deal  of  Light  to  pafs;  as  every  one  may  find, 
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by  looking  to  the  Sun  with  his  Eyes  fhut ; 
it  was  therefore  necefiaiy  that  the  Uvea  ihould 
be  covered  with  this  black  Colour,  that  the 
Eye  might  be  aiCetlula  Obfcura,  and  that  no 
Eays  might  enter  it  but  by  the  Pupil  ;  for 
were  the  Uvea  tranfparent,  the  Pictures  of  exter- 
nal Objects  made  on  the  Retina  would  become 
faint  and  confuted;  by  being  mixed  with  the 
entitious  Rays  that  come  from  other  Ob- 
jects to  which  the  Eye  is  not.  directed.  'This 
is  evident  from  the  Experiment  fo  often  men- 
tioned, of  calling  the  Images  of  external  Ob- 
jects upon  a  Sheet  of  white  Paper,  by  means  of 
a  Lens  placed  in  the  Window;  for  if  the 
Chamber  be  clofs,  fo  as  no  Light  enters  it, 
but  thro'  a  fmall  Hole  behind  which  the  Lens 
is  placed,  the  Image  of  the  external  Object 
will  appear  exceeding  diftinct ;  but  if  more  of 
the  Window  be  open,  the  Image,  by  being 
.mixed  with  the  foreign,  Rays  belonging  to 
\  other  Objects,  will  be  rendered  fo  faint  and 
! imperfect,  as  fcarcely  to  appear.    .But, 

§  2.  idly,  This  is  not  all ;  there  is  yet  a 
very  confiderable  Advantage  received  from 
the  Pigment  with  which  the  Infide  of  the 
(■/■oroides  is  tinned;  for  the  Rays  of  Liprht 
which  fall  thereon,  after  having  palled  thro' 
the  Retina,  are  ftiffled  and  loft,  which  other- 
wife  would  be  reflected  back,  to  and  again, 
upon  the  Retina,    and,    by  being  mixed  and 
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confounded  with  the  Image  of  the  Object, 
would  render  it  confufed  and  indiftincl:.  And 
this  is  one  Reafon  why  Man  and  Birds  fee 
better  and  more  diftinclly  than  the  great- 
eft:  Part  of  other  Animals,  who  have  this 
Tunicle  of  another  Colour.  This  may  be  il- 
lustrated, by  the  Camera  Obfcura,  lb  often  men- 
tioned, in  which  the  Pictures  call  on  the 
white  Paper  will  be  made  more  lively  and 
perfecl,  if  the  Walls  of  the  Room  are  painted 
Black,  or  hung  with  black  Cloth,  lb  as  to 
reflect  no  Light  upon  the  Picture,     But, 

§  3*  3^y>  If  we  confider  that  the  Back-fide 
of  the  Choroides  next  to  the  Sclerotica  is  like- 
wife  covered  with  this  black  Pigment,  and  that 
in  all  Animals,  even  thofe  which  have  its  con- 
cave  Side  next  the  Retina  of  another  Colour, 
as  Ao^u  a  pendent,  in  his  Treatife  de  Oculo, 
(Cap,  iv.  SeB.  i.)  obferves,  we  cannot  but 
think  that  it  like  wife  contributes  to  the  Prefer- 
vation  of  that  Tranfparency  in  the  Humours 
which  is  abfolutely  neceffary  for  the  Tranf- 
mifTion  of  Light ;  and  that  becaufe  there  ap- 
pears no  other  Reafon  for  this  black  Colour 
upon  the  black  Part  of  the  Choroides.  Thus 
the  Lion,  Camel,  Bear,  Ox,  Dear,  Sheep, 
Dog,  Cat,  and  many  other  Quadrupeds,  and 
even  fome  of  the  Bird-kind  that  are  not  en- 
dowed with  a  good  Sight,  fuch  as  the  Owl  and 
other  no&urnal   Birds,    which  have  the  In- 
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fide  of  the  Choroides  cf  a  blue,  green,  yellow 
pearl,  or  other  bright  refplendent  Colour,  are 
never  found  to  want  a  coniiderable  Quantity  of 
this  black  mucous  Pigment  upon  the  convex 
or  Back-fide  of  this  Membrane,  which  can 
ferve  for  nothing  elfe,  but  for  rendering  the  Ali- 
ment, which  goes  to  the  Cryftalline  and  other 
Humours  of  the  Eye,  more  pure  and  free 
from  the  grofs  black  Parts,  which  might  reil- 
der  them  opaque  and  unfit  for  tranfmitting 
the  Light. 

It  therefore  feems  neceiTary,  that  the  Uvea 
and  Choroides  fhould  be  provided  with  Glands 
proper  for  fecerning  this  black  Mucus,  that  the 
Cornea  and  Humours  of  the  Eye  may  not  be 
tinged  with  any  Opacity;  for,  as  in  the 
Jaundice,  the  whole  Body  becomes  yellow,  by 
Reafon  of  the  Bile  which  is  not  duly  fecerned 
in  the  Liver;  fo  it  is  not  to  be  doubted,  but 
the  Cornea  and  Humours  of  the  Eye  would 
foon  lofe  of  their  Tranfparency,  were  it  not 
for  the  fecretory  Power  of  the  Uvea  and  Cho- 
roides, by  which  the  Blood  which  goes  to 
their  Nourifliment  is  freed  of  its  mod  opaque 
and  black  Parts :  Whence  it  is  that  Animals, 
whole  Blood  abounds  mod  with  blackiih  Par- 
ticles, have  this  Membrane  proportionally  of 
a  more  intenfe  black  Colour;  for  it  is  ob- 
fervable,  that  thofe  who  have  moll  Blacknefs 
in  their  Hair  or  Feathers,  have  this  Membrane 
alio  raoft  black. 

§•4- 
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§  4.  There  is  a  Mechanifm  not  unlike  this 
very  remarkable  in  the  Sepia  or  Ctrttle-fifh»  a 
Fifh  well  known  in  the  Apothecary-Shops,  from 
a  Kind  of  Shell  commonly  called  Os  Sephufi, 
wherewith  its  Back  is  covered.  This  Ani- 
mal is  provided  with  a  Bag  towards  the  Throat 
near  the  Stomach,  whofe  Ufe  is  to  feparate 
and  contain  all  the  opaque  black  Particles  of 
its  Blood  and  Humours.  And  this  is  the 
Reafon  that  the  Subftance  of  this  Fifh  is  of 
a  white  Colour,  which  otherwife  would  pro- 
bably have  been  black ;  for  the  Humour  con- 
tained in  this  Bag  is  fo  very  black,  that  it  ex- 
ceeds even  that  of  Ink  itfelf,  and  one  Gut 
thereof  is  fufficient  to  blacken  many  Bafons  of 
Water ;  Whence  it  is  that  this  Fiih  does  ea- 
fily  fave  itfelf  from  Fifhers,  and  ether  Fifh 
that  feek  to  devour  it,  by  expreffing  a  little  of 
this  Liquor  into  the  Water  in  which  it  fwims ; 
and  therefore  Plutarch  very  agreeably  fays, 
that  this  Fifh  imitates  what  Homer  makes 
the  Gods  do,  to  hide  and  deliver  their  Friends 
from  the  Danger  to  which  they  are  expofed  in 
Battle,  which  is,  to  cover  them  with  a  dark 
Cloud,  that  they  may  efcape  fafe. 

Now,  as  the  Subftance  of  this  Fifh.  becomes 
white,  from  the  Separation  of  all  the  opaque 
black  Particles  contained  in  its  Blood  and 
Hnmours,  {o  it  is  more  than  probable,  that 
the  Cornea   and  Humours  of  the  Eye  retain 

their 
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their  Tranfparency,  becaufe  the  Blood  which 
goes  to  their  N  ourifliment  is,  by  the  feere- 
tory  Power  of  the  Cboroides  and  Uvea,  freed 
of  all  thofe  opaque  black  Particles  which 
could  in  the  lead  tarnifh  them,  or  diminifn 
their  pure  Tranfparency.  And  this  may 
poffibly  be  one  Reafon  why  thofe  Creatures 
that  fee  beft,  fuch  as  Eagles  and  other  Birds 
of  Prey,  have  the  Pupil  very  black  ;  and,  on 
the  contrary,  the  Owl,  Lyon  and  other  Ani- 
mals, whofe  Sight  is  not  fo  good,  have  this 
Hole  lefs  black,  becaufe  the  Bottom  of  their 
Eyes  is  not  covered  .  with  this  black  Pig- 
ment. 


CHAP.     VII. 

Of  the  Life  of  the  Retina  and  Optic  Nerve. 

Sect.  i.  "F^ROM  what  hath  been  above 
JL  explained,  concerning  the  feve- 
nil  Offices  of  the  principal  Parts  of  the  Eye, 
it  is  eafy  to  fee  how  all  concur  in  painting 
the  diftinft  and  lively  Images  of  external 
Objects  upon  the  Retina.  What  falls  next  in 
order  to  be   confidered,    is,,    the  life  of  the 

Retina 
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Retina  itfelf,  and  of  the  optic  Nerve,  of  which 
it  is  an  Expanfion. 

The  Retina  then  ferves  for  receiving  the 
Images  of  external  Objedls  painted  thereon, 
and  to  propagate  the  Impreflions  made  there- 
by thro*  the  fmall  Fibres  of  the  optic  Nerve 
into  the  common  Senfory,  or  that  Part  of 
the  Brain  in  which  all  the  Fibres  of  our 
Nerves  terminate,  and  in  which  our  Mind 
refides,  by  which  Means  the  Ideas  of  Objects 
are  excited  in  the  Mind. 

§  2.  The  Connection  betwixt  thefe  Ideas 
and  the  Motions  or  Agitations  excited  in  the 
Retina,  optic  Nerves  and  Senforium>  is  un- 
known to  us ;  neither  need  we  ever  expedt  to 
difcoverit:  It  is  fufficient.  that  we  know,  by 
Experience,  that  the  Union  of  the  Body  and 
Mind  is  fo  ftricl,  that  feme  Motions  in  the 
Body  do,  as  it  were,  cohere  with  certain  Ideas 
in  the  Mind,  fo  as  they  cannot  be  feparated 
from  each  other,  tho'  we  cannot  find  any 
thing  common  between  them,  nor  fo  much 
as  perceive  that  any  Connexion  is  poflible ; 
for  there  are  a  great  many  Things  which  do 
always  follow  others,  without  any  proper 
Carnality  in  that  which  goeth  before,  and 
which  have  no  Manner  of  Connection  with 
each  other,  but  in  the  Will  of  God,  who 
makes  them  accompany  each  other.  And  of 
this  Sort  the  Senfations  of  our  Mind  feem  to 

be 
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be  one;  for  it  does  not  at  all  feem  pofTible, 
that  the  Motions  excited  in  the  Senforiiim,  by 
Objedts  acting  upon  our  Organs  of  Senfe,  can 
be  the  true  phyfical  or  efficient  Caufe  of  the 
Senfations  faid  to  be  excited  by  them ;  but 
only  the  occafional  Caufe  which  determines 
the  Author  of  Nature,  or  fome  fubordinate 
active  Being  ading  under  him,  and  by  his  Ap- 
pointment, to  produce  thefe  Senfations  in  the 
Mind,  when  that  occafional  Caufe  takes  Place. 
§  3.  It  is  nowr,  I  think,  an  agreed  Point, 
that  Senfation,  Perception,  and  Thinking,  can- 
not poffibly  be  a  Mode  of  Motion,  nor  of 
Figure,  nor  of  any  other  Property  or  Power 
of  Matter,  and  that  for  this  obvious  Reafon, 
becaufe  the  Idea  of  Perception,  Senfation,  and 
Thinking,  and  the  Idea  of  Motion  or  of 
Figure,  or  of  any  other  Property  or  Power 
of  Matter,  have  not  the  leaft  Likenefs  or 
Affinity  between  them :  For  every  Mode  of 
any  Power  or  Quality,  is  nothing  elfe  but  that 
Power  or  Quality  of  which  it  is  a  Mode,  un- 
derftood  with  fome  particular  Limitation ; 
that  is  to  fay,  its  nothing  but  a  particular 
Inftance  of  that  general  PowTer  or  Quality; 
nothing  but  th6  general  Power  or  Quality 
itfelf,  confidered  under  this  or  that  particular 
Modification :  Blue  and  Red,  and  all  other 
Modes  of  Colour,  are  nothing  but  feveral 
particular  Colours,  and   can  contain  nothing 
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In  their  Idea  beyond  the  Genus  of  Colour. 
Acute  and  Grave,  and  all  other  Modes  cf 
Sound,  are  nothing  but  feveral  particular 
Sounds,  and  can  contain  nothing  in  their 
Idea  beyond  the  Genus  cf  Sound.  In  like 
Manner,  Circular  and  Triangular,  and  all  other 
Modes  of  Figure,  are  nothing  but  feveral  par- 
ticular Figures,  and  can  contain  nothing  in 
their  Idea  beyond  the  Genus  of  Figure.  So 
all  Modes  of  Motion  are  nothing  elfe  but 
merely  particular  Motions,  and  cannot  contain 
any  thing  in  their  Idea  beyond  the  Genus  of 
Motion.  And  therefore,  if  fimple  Ideas  be 
the  heft  Foundation  of  all  our  Knowledge, 
and  clear  and  diftincT:  Perception  of  the  Agree- 
ment or  Difagreement  of  thofe  Ideas,  be  the 
bed  and  greateft  Criterion  of  Truth  that  our 
Faculties  enable  us  to  attain  to,  then  it  is  as 
evident  as  any  Truth  can  be,  that  Senfation, 
Perception,  or  Thought,  cannot  poflibly  be 
a  Mode  of  Motion  or  of  Figure,  or  of  any 
other  Property  or  Power  of  Matter,  and  that 
becaufe  there  is  evidently  fomething  in  the 
Idea  of  Perception,  Senfation,  and  Thought, 
befides  and  beyond  the  Genus  of  Motion 
or  of  Figure,  or  of  any  other  Property  or 
Power  of  Matter.  And  I  have  exaclly  the 
fame  intuitive  Certainty  of  this,  as  I  have, 
that  an  acute  Sound  is  not  a  purple  Colour,  or ! 
that  a  quick  Motion  is  not  a  fweet  Tafte,  or 
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that   a  Triangle   is  'not  a  burning  Heat,    or 
that  any  one  Tiling  in  the  World  is  not  an- 
other whole   Idea. is  the    remoteft  and  moft 
from  it  that  can  be  imagined. 

§  4.  Now,  fince  Senfation,  Perception  and 
Thought,  cannot  poffibly  belong  to  Matter,. 
it  Teems  evident,  that  the  Matter  of  the  Sen- 
forium,  however  moved  or  agitated  by  Objects 
acting  on  our  Organs  of  Senfe,  can  never 
produce  or  be  the  true  efficient  Caufe  pf  the 
Sulfations  in  our  Mind ;  and  that  fortius  plain. 
Reaibu,  That  no  Effect  can  have  any  Perfecti- 
on or  Excellency,  which  was  not  either  actual- 
ly in  the  Caufe,  or  at  leaft  in  a  higher  Degree, 
All  poffibk  Changes  of  Figure  are  dill  nothing 
but  Figure ;  all  poffible  Variations,  Compofi- 
tions,  and  Divifipns  of  Magnitude,  are  ftill 
nothing  but  Magnitude  ;  all  poffible  Compofi- 
tions  and  Effects  of  Motion,  are  ftill  nothing 
but  mere  Motion ;  all  Compositions  of  Mag- 
nitude, Figure  and  Motion  together,  are  ftill 
nothing  but  Magnitude,  Figure  and  Motion : 
And  how  many  other  Qualities  foever,  known 
or  unknown,  the  Particles  of  Matter,  of  which 
'  our  Sen/ or  i  urn  confifts,  be  fuppofed  to  be  endow- 
ed with,  thole  Qualities  can  never  in  any 
Compofition  or  Divifion,  produce  Senfation  or 
Thought,  or  any  new  Power,  Quality  Or  Per- 
fection, fpecificaUy  different  from  fhenifelves, 
i  either  in  the  Senforium  itfelf,  or  in  the  Mind 
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refiding  in  it,  unlefs  a  Caufe  could  give  more  to 
the  Effect  than  is  in  itfelf. 

That  which  hath  been  apt  to  deceive  Men 
in  this  Matter,  is  this,  that  they  imagine  Com- 
pounds to  be  fomewhat   really  fpecifically  dif- 
ferent from  the  Thing  of  which  they  are  Com- 
pounded ;  which  is  a  very  great  Miftake.    For 
all  the  Things  of  which  Men  fo  judge,  either 
(if  they  be  really  different)  are  not  Compounds 
or  Effects  of  what  Men  judge  them  to  be,  but 
are  fomething    totally  diftinit;    as  when  the 
Vulgar  think  Colours  and  Sounds  to  be  Pro- 
perties inherent  in  Bodies,    when  indeed  they 
are  purely  Thoughts  in  the  Mind ;   or  elfe,  if 
they  be  really  Compounds  and   Effects,  then 
they  are   not  different,  but  exactly  the  fame 
they  ever  were  ;    as  when  two  Triangles  put 
together  make  a  Square,  that  Square  is  iiill 
nothing  but  two  Triangles ;    or  when  a  Square 
cut  in  Halves,  makes  two  Triangles,  thefe  two 
Triangles   are  ftill  only  the  two  Halves  of  a 
Square ;    or  when  an  Acid  and  Alkali  mixed 
together  make  a   Neutral  Salt,  that  Neutral 
Salt  is  ftill  nothing  but  Acid   and  Alkali  in- 
termixed, and  which  may  be  again  feparated ; 
or  when  a  Mixture  of  Blue  and  Yellow  pow- 
der makes  a  Green,  that  Green  is  ftill  nothing 
but  Blue  and  Yellow  intermixed ;  as  is  plainly 
vifible  by  the  help  of  Microfcopes :    And  in 
fhort,  every  Thing,  by  Compofition,  Divifion 
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or  Motion,  is  nothing  elfe  but  the  very  fame 
Thing  it  was  before,  taken  either  in  whole  or 
by  Parts,  or  in  different  flace  or  Order,  fo 
as  to  excite  in  our  Minds  different  complex 
Notions,  and  occafion  new  abftract  Names  of 
Things;  but  by  no  Means  to  produce  any 
new  Quality,  Power  or  Perfection,  either  in 
the  Things  themfelves,  or  in  any  thing  elfe, 
fuch  as  Senfation,  Perception  and  Thought, 
are  agreed  to  be,  inhering  truly  and  properly  in 
the  Mind  as  their  only  Subject. 

§  5.  Now,  fince  Senfation,  Perception  and 
Thought,  are  Qualities  and  Perfections  that 
cannot  be  produced  in  the  Mind  by  the  Mo- 
tions excited  in  the  Senjorhim,  or  by  any  other 
material  Caufe  whatever,  what  way  foever 
moved,  compounded,  divided  or  modified; 
it  follows,  that  they  mull  be  produced  by  the 
powerful  Influence  and  Operation  of  fome  im- 
material active  Caufe,  which  is  itfelf  actually 
poffeffed  either  of  fuch  Qualities,  Powers  and 
Perfections,  or  at  leaft  in  a  higher  Degree ; 
and  confequently  they  muff:  be  produced, 
either  by  the  Mind  itfelf,  or  by  the  Power  of 
God,  or  fome  other  intelligent  active  Be- 
ing acting  under  him,  and  by  his  Appoint- 
ment. 

§  6.  That  the  Mind  does,  of  itfelf,  think, 
by  virtue  of  the  active  Power  it  is  poffeffed  of, 
is  undeniable :    But  to  affirm,  that,    of  itfelf, 
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it  produces  that  Species  of  Thought  which  we 
call  Senfation,  feems  very  improbable;,  for 
fmce  all  our  Senfations  have  a  fixt  and  de- 
termined Connection  and  Agreement  with  the 
external  Objects  occasioning  them,  and  of 
which  they  are  the  Senfations,  it  is  not  eafy 
to  conceive  how  the  Mind  fhould  ijxcite  and 
produce  in  itfelf  that  determined  Senfation, 
which  belongs  to  the  Obi  eft,  witnoufc  firft 
knowing;  the  Obiect  itfelf,  of  which  the  Senfa- 
tion  is  to  be  produced ;  which  it  cannot  do, 
becaufe  it  has  not  as  yet  any  Senfation  or  Idea 
of  it. 

We  are  taught  by  Experience,  that  we 
cannot  even  produce  the  Senfation  of  an  Ob- 
ject of  which  former  Senfations  have  lodged 
the  Idea  in  our  Memory;  as  for  inftance,  I 
cannot  at  Pleafure,  by  any  Effort  whatever, 
excite  in  my  Mind  the  vifible  Idea  or  Senfation 
of  my  Dog,  Gat,  or  any  thing  elfe  that  is 
heft  known  to  me,  tho?  I  have  an  exact  Fat- 
tern  of  them  in  my  Memory,  conform  v  to 
which  the  Senfation  is  to  be  produced :  And 
this  being  fo,  the  Mind  certainly  can  much 
lefs  excite  in  itfelf  the  Senfation  cf  any  Object 
not  yet  known.  A  Painter  may' as  well  Paint 
an  exact  Picture  of  an  Indian  Animal  or  Plant 
which  he  does  not  fee  or  know,  as  a  Man 
may  form  a  Senfation  in  his  Mind  of  any 
Object  agreeable  to  the  Object  itfelf,  without 
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foil  knowing  the  Object  of  which  he  is  to 
form  the  Idea  or  Senfation.  From  all  which, 
Ave  conclude,  that  it  does  not  at  aii  feem  pof- 
fible,  that  the  Motion  excited  in  the  Senferinm, 
by  Objects  acting  on  our  Organs  of  Senfe, 
can  be  the  true  phyfical  or  efficient  Caufe  of 
the  Senfations  faid  to  be  excited  by  them, 
but  only  the  occafional  Caufe  which  'deter- 
mines the  Author  of  Nature,  or  fome  fub ordi- 
nate active  Intelligence  acting  under  him,  and 
by  his  Appointment,  to  produce  thefe  Senfati- 
ons in  the  Mind,  when  the  occafional  Caufe 
takes  place. 

§  7.  It  fails  here  to  be  obferved,  that  tho5 
the  Retina  be  expanded  upon  the  whole 
Bottom  of  the  Eye,  as  far  as  the  higamen- 
tinn  Ciliare ;  yet  it  is  not  all  equally  fenfible. 

This  appears  evidently,  when  wre  view  any 
long  Word,  futh  as  Mathematician;  for  if  the 
Eye  be  directed  to  the  firft  Letter  M,  and 
keep  itfelf  fixed  thereon  for  obferving  it  accu- 
rately, the  other  Letters,  efpecially  thofe  to- 
wards the  End  of  the  Word,  will  not  at  the 
fame  Time  appear  clear  and  diftinct.  The 
Reafon  of  which  is,  becaufe  the  Pencils  of 
Rays  that  come  therefrom,  fail  too  obliquely 
oil  the  Eye  to  be  accurately  collected  in  di- 
ftinct Points  on  the  Retina ;  but  chiefly  be- 
caufe of  a  certain  Degree  of  liardnefs,  Cal- 
lofity  or  Infenfibility,  in  all  Parts  of  the  Retina, 
excepting  towards  the  Axis  of  the  Eye,  direct- 
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ly  oppofite  to  the  Pupil.  Hence  it  is,  that, 
when  we  view  any  Object,  w7e  turn  our  Eyes 
directly  towards  it,  that  its  Picture  may  fall 
precifely  upon  that  moft  delicate  and  fenfible 
Part  of  the  Retina,  which  is  naturally  in  the 
Axis  of  the  Eye  ;  but  if  this  moll  fenfible  and 
delicate  Part  of  the  Retina  fhould,  from  a  Fault 
in  the  firft  Conformation,  or  from  any  other 
Caufe,  happen  to  be  placed,  not  in  the  Axis 
of  the  Eye,  but  a  little  off  at  a-fide,  then, 
to  fee  any  Object  diftinctly,  and  thence  to 
receive  the  ftrongeft  and  moft  lively  Im- 
preffions,  the  Eye  nmft  not  be  directed  to- 
wards it,  but  a  little  to  a-fide,  that  the  Object 
may  have  its  Picture  made  upon  the  moft  fen- 
fible and  delicate  Part  of  the  Organ.  This 
I  had  Gccafion  to  notice  before,  and  fhewed 
how  it  might  be  one  Caufe  of  Squinting, 
which,  as  is  eafy  to  fee,  muft  be  altogether 
incurable,  when  it  proceeds  from  this  Caufe, 

§  8.  Now,  tho'  it  is  certain,  from  the  above 
Experiment,  that  only  a  very  fmall  Part  of 
any  Object  can  be  feen  diftinctly  at  a  Time, 
namely,  that  whofe  Image  on  the  Retina  is  in 
the  Axis  of  the  Eye,  and  that  the  other  Parts 
of  the  Objeit,  which  have  their  Images 
painted  at  fome  Diftance  from  this  fame  Axis, 
are  but  faintly  and  obfcurely  perceived;  yet 
we  are  feldom  fenfible  of  this  Defect ;  and, 
in  viewing  Bodies  that   are   pretty  large,  we 
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are  apt  to  imagine,  that  we  fee  at  the  fame 
time  all  their  Parts  equally  diftindt  and  clear. 
But  this  is  a  vulgar  Error,  and  we  are  led 
into  it  from  the  quick  and  almoft  continual 
Motion  of  the  Eye,  whereby  it  is  fuccedively 
directed  to  all  the  Points  of  the  Objed  in  an 
Inftant  of  Time ;  for  it  is  certain,  that  the 
Idea  of  Objefts  which  we  receive  by  Sight, 
do  not  prefently  perifh,  but  are  of  a  lafting 
Nature,  as  appears  from  what  happens  when 
a  burning  Coal  of  Fire  is  nimbly  moved 
round  in  a  Circle  with  Gyrations  continually 
repeated;  which  makes  the  whole  Circle  ap- 
pear like  Fire,  becaufe  the  Senfation  of  the 
Coal,  in  the  feveral  Places  of  that  Circle,  re- 
mains impreffed  on  the  Senforium,  until  the 
Coal  return  again  to  the  fame  Place ;  for  the 
Motions  excited  in  the  Bottom  of  the  Eye 
by  Light,  and  thence  propagated  to  the  Sen- 
forium,  are  of  a  lafting,  and  confequently  of  a 
vibrating  Nature;  and  therefore  if  our  Eye 
takes  no  longer  Time  to  direct  itfelf  fucceffive- 
ly  to  all  the  Parts  of  an  Gbjedt,  than  what 
the  Coal  of  Fire  takes  to  go  round,  the  Mind 
will  diftin&ly  perceive  all  thofe  Parts,  without 
being  fenfible  of  any  Defect  or  Infenfibility 
in  any  Part  of  the  Retina,  becaufe  the  Idea  of 
one  Part  continues,  till,  by  the  Motion  of  the 
Eye,  the  Image  of  the  other  Parts  be  fuccef- 
fively  received  upon  the  fame  moft  lenfible 
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Part  of  the  Retina ;  and  this  is  one  Reafon 
why  the  Globe  of  the  Eye  moves  fo  quickly, 
and  that  its  Mufcles  have  fuck  a  Quantity  of 
Nerves  to  perform  their  Motions. 

§  9.  There  is  yet  another  Defect  in  the 
Retina  ;  of  which  alfo  we  are  feldom  fenfibie  ; 
and  that  is,  that  it  is  ihfenfible  in  that 
Part  where  the  optic  Nerves  enter  our  Eyes. 

"We  have  already  noticed,  that  our  optic 
Nerves  never  enter  our  Eyes  exactly  at  their 
Axis,  that  is,  at  the  Place  where  the  Image 
of  any  little  Object  to  which  our  Eye  is  di- 
rected does  fall,  but  a  little  on  the  Infide 
towards  our  Nofe  ;  and  therefore,  to  be  afiu- 
red  that  that  Part  of  the  Retina  which  an- 
fwers  to  the  Extremity  of  the  Nerve  is  infen- 
fible,  we  muft  find  out  fome  Method  of  ma- 
king the  Image  of  an  Object  fall  upon  it. 
The  famous  M.  Mariotte,  that  great 
Ornament  of  the  French  Academy,  and  diligent 
Promoter  of  Knowledge,  was  the  iirft  who  ever 
thought  of  this  Matter.  His  Experiment  is  as 
follows : 

Take  two  fmall  Pieces  of  Paper,  of  a  round 
Figure,  and  about  three  or  four  Inches  in  Di- 
ameter, and  fix  them  on  a  dark  Wall,  about 
the  Height  of  your  Eye,  and  about  two  Feet 
diftant  from  each  other;  then  having  fluit 
the  Left-eye,  place  yourfelf  exactly  oppofite 
to  the  Paper  on  the  Left-hand,  and  keeping 
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your  Right-eye  fixed  ftedfaftly  upon  it,  draw 
back,  little  by  little,  and  youfhall  obferve,  that, 
when  you  have  retired  about  nine  Feet,  the 
Paper  on  the  Right-hand  will  intirely  difap- 
pear,  and  you  will  be  almoft  tempted  to  be- 
lieve, that  it  has  fallen  down,  or  that  it  has 
been  otherwife  dextroufly  taken  away  with- 
out your  Knowledge.  And  the  fame  Experi- 
ment fucceeds  in  like  manner,  when  made 
with  the  Left-eye,  the  right  one  being 
fliut. 

This  is  truly  a  very  beautiful  and  furpri-* 
fing  Experiment ;  and  it  plainly  proves,  that 
there  is  a  Part  of  our  Retina  towards  the  In- 
fide  of  the  optic  Axis  intirely  infenfible.  And 
this  Part  is  found  to  anfwer  pretty  exactly  to 
the  little  Circle  which  the  Extremity  of  the 
optic  Nerve  makes  where  it  enters  the  Eye : 
For  it  is  an  agreed  Point,  that,  in  this  Ex- 
periment, mod  Men  lofe  Sight  of  an  intire 
Circle  of  white  Paper,  wbofe  Diameter  is  a- 
bout  the  ninth  or  tenth  Part  of  its  Diftance 
from  the  Eye;  and  feeing  the  vifual  Triangle^ 
whofe  Bafe  is  the  Diameter  of  this  Circle,  and 
its  Vertex  the  Centre  of  the  Eye,  is  fimilar  to 
the  Triangle  whofe  Bafe  is  the  Diameter  of  the 
Picture  of  that  little  Circle  upon  the  Retina,  and  j 
its  Vertex  the  fame  Centre,  where  the  extreme 
Rays  are  fuppofed  to  inter  feet  each  other ;  it 
follows,  that  this  Bajis  or  the  Diameter  of  the 
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Picture,  will  alfo  be  about  the  ninth  or  tenth 
Part  of  its  Diftance  from  the  faid  Centre  of 
the  Eye:  But  this  Diftance  from  the  Centre 
of  the  Eye  is  about  fix  Lines,  the  ninth  Part 
of  which  is  two  thirds' of  a  Line,  which  an- 
fwers  pretty  exactly  to  the  Diameter  of  the 
optic  Nerve  :  So  that,  the  Picture  of  the  white 
Paper  will  cover  the  whole  Bafe  of  the  optic 
Nerve,  which  mull  therefore  be  totally  infen- 
fible  of  Light. 

I  have  here,  agreeably  to  moft  of  our  op- 
tical Writers,  fuppofed,  that  the  vifual  Angle 
has  its  Vertex  in  the  Centre  of  the  Eye  \ 
But,  if  this  Vertex  fhould  be  fuppofed  not  in 
the  Centre  of  the  Eye,  but  in  the  Centre 
of  the  Cornea,  which  Centre,  according  to 
Pet  it's  Meafures,  lies  between  the  Back- 
part  of  the  Cryftalline  and  the  Centre  of 
the  Eye,  the  Picture  on  the  Retina  will  be 
yet  larger,  and  of  confequence  muft  fully  co- 
ver, if  not  fomewhat  exceed  the  Bafis  of  the 
opcic  Nerve. 

§  10.  This  famous  Experiment  of  Mr. 
Mariotte  did  at  firft  very  much  furprife 
both  Phyficians  and  Philofophers,  none  of 
whom  had  ever  before  dreamed  of  any  fuch 
Defect  in  the  Sight ;  but  they  were  all  pre- 
fently  convinced  of  it,  after  they  had  made 
the  Experiment ;  and  as  the  whole  Secret  of 
this  Experiment  confifts  in  making  the  Picture 
of  an  Object  fall  exactly  upon  the  Entry  of 
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the  optic  Nerve,  the  learned  Mr.  Pi  card 
devifed  a  way  by  which  an  Object  becomes 
invifible  when  both  Eyes  are  kept  open,  be- 
caufe the  Image  is  made  to  fall  upon  both 
optic  Nerves  at  the  fame  time.  His  Method 
of  doing  this  is  as  follows  : 

Faften  againfl  a  Wall  a  round  white  Paper, 
of  the  Bignefs  of  an  Inch  or  two,  and,  on 
the  Sides  of  this  Paper,  put  two  Marks,  one  on 
the  right,  the  other  on  the  left,  each  about  two 
Feet  diftant  from  the  Paper,  and  fomewhat 
higher;  then  place  yourfelf  dxredtly  before  the 
Paper,  at  the  Diftance  of  nine  or  ten  Feet,  and 
put  the  End  of  your  Finger  over  againfl:  both 
of  your  Eyes ;  fo  as  it  may  hide  from  the 
Hight-eye  the  left  Mark,  and  from  the  Left- 
eye  the  right  Mark :  If  you  remain  firm  in 
that  Pofture,  and  look  fteadily  with  both  Eyes 
on  the  end  of  your  Finger,  the  Paper,  which 
is  not  at  "all  covered  thereby,  will  totally  difap- 
pear ;  which  is  the  more  furprifmg,  becaufe, 
without  this  particular  Encounter  with  the  op- 
tic Nerves,  where  no  Vifion  is  made,  the  Pa- 
per will  appear  double,  as  you  will  find  when 
the  Finger  is  not  rightly  placed. 

This  Experiment  ferves  to  confirm  what 
Mr.  Mariotte  firil  difcovered  concerning 
the  Infenfibility  of  the  Retina,  where  the  op- 
tic Nerves  enter  ;  but  becaufe  it  is  fomewhat 
difficult   to  perform,    by  reafon   of  the  great 
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Effort  which  muft  be  made  for  to  keep  both 
Eyes  fixed  upon  the  Finger,  which  is  only  a- 
bout  four  Inches  diftant  from  the  Eyes,  I  lliall 
here  give  you  another  Method,  whereby  an 
Object  may  be  rendered  invifible  when  both 
Eyes  are  open,  which  is  much  more  eaiy,  and 
is  no  lefs  furprifmg. 

Fix  upon  a  dark  Wall  two  little  Circles  of 
white  Paper,  at  the  fame  Height,  and  about 
three  Feet  Diftance  from  each  other ;  and,  ha- 
ving placed  yourfelf  directly  oppofite  to  thcfe 
Papers  at  the  Diftance  of  twelve  or  thirteen 
Feet,  hold  your  Finger  about  eight  Inches 
before  your  Eyes,  fo  as  it  may  cover  from  your 
Right-eye  the  Paper  towards  the  Left-hand, 
and  from  the  Left-eye,  the  Paper  towards  the 
Right-hand  ;  then  if  you  look  to  your  Finger 
attentively  with  both  Eyes,  you  ihall  lofe  the 
Sight  of  both  Papers  intirely.  This  proceeds, 
as  is  eafy  to  fee,  from  the  Direction  of  the 
Eyes,  and  Situation  of  the  Finger  ;  for  each 
of  the  Eyes  receives  the  Image  of  one  of  the 
Objects  on  that  infennble  Part  of  the  Retina 
where  the  optic  Nerve  enters,  and  the  Finger 
does  cover  from  it  the  other. 

The  fame  Experiment  may  be  made  with 
two  lighted  Candles,  obferving  always  the  fame 
Diftance ;  for,  if  they  be  placed  farther  from 
each  other,  you  muft  alfo  in  proportion  retire 
to  a  greater  Diftance,  othervvife  the  Image  of 

the 
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the  Object  will  not  fall  on  that  infenfible  Part 
of -the  Rethia;  as  for  Inftance,  if  the  Di- 
ftance  of  the  Candles  be  6  Feet,  you  mull 
retire  to  25  Feet  Diftance,  and  at  other  Di- 
ftances  in  proportion :  But  the  Finger  muft  al- 
ways abide  nearly  in  the  fame  Situation  ;  for 
if  it  be  placed  at  a  Foot,  or  any  greater  Di- 
ftance from  the  Eyes,  there  will  then  ap- 
pear four  Candles,  in  place  of  two,  as  is  eafy 
to  imderftand  from  what  has  been  before 
explained. 

§  11.  Now,  tho'  it  is  certain,  from  the 
above  Experiments,  that  our  Retina  is  infen- 
fible towards  the  Infide  of- the  optic  Axis,  where 
the  optic  Nerves  enter  the  Globe  ;  yet  we  are 
never  fenfible  of  this  Defect  in  our  Sight  when 
both  Eyes  are  open,  becaufe  it  is  impoffible 
that  any  Object,  or  Part  of  an  Object,  can  be 
fo  fituated,  as  to  have  its  Picture  on  the  In- 
fide of  the  optic  Axis  in  both  Eyes ;  and 
therefore  what  is  loft  to  one  Eye,  is  always 
vifible  by  the  other.  But  had  Nature  made 
our  optic  Nerves  to  enter  our  Eyes  in  the 
Middle,  directly  oppofite  to  the  Pupil,  then  the 
Middle  Part  of  all  Objects  would  have  been 
invifible,  becaufe  its  Picture  would  have  fallen 
upon  the  infenfible  Part  of  the  Retina  in  both 
Eyes,  which  would  have  been  a  prodigious 
and  unfupportable  Defect  in  our  Sight.  To 
prevent  which,  provident  Nature  has  wifely  in- 
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ferted  our 'optic  Nerves,  not  in  the  optic  Axis, 
but  on  the  Infide  towards  the  Nofe. 

§  1 2.  But  we  are  not  only  infenfible  of  this 
Defed  in  our  Sight  when  both  Eyes  are  open, 
but,  which  is  very  furprifmg,  in  looking  at 
Objects  of  an  uniform  Colour  with  one  Eye, 
the  other  being  {hut,  we  are  not  fenfible  of 
any  Defeat  or  dark  round  Spot,  anfwering  to 
the  infenfible  Part  of  the  Retina.  This  be- 
comes very  evident,  when,  in  the  Manner  a- 
bove  noticed,  one  lofes  Sight  of  a  round 
black  Paper  fattened  againft  a  white  Ground ; 
for  no  Defect  or  Obfcurity  is  to  be  feen  in  the 
Place  of  the  black  Paper,  but  the  Ground  ap- 
pears white  over  all  its  Extent,  the  fame  that 
it  does  when  the  black  Paper  is  taken  away 
from  before  it :  The  Reafon  of  which  feems 
to  be,  that  this  Defect  of  Senfation  having 
been  conftantly  fupplied  by  the  other  Eye,  is 
now  fupplied  by  the  Imagination  only. 

§  13.  This  Infenfibility  which  Mariotte 
firlt  difcovered  in  the  Retina 9  where  the  optic 
Nerves  enter  the  Globe,  made  him  fufpecft 
that  all  Authors  were  miftaken  in  thinking  the 
Retina  the  immediate  Organ  of  Sight ;  and, 
after  he  had  fully  weighed  the  Matter,  he  gave 
in  a  Paper  to  the  Royal  Academy,  which  was 
read  at  one  of  their  Meetings,  wherein  he  en- 
deavoured to  prove,  by  feveral  ingenious  Ar- 
guments, 
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guments,  that  the  principal  Organ  of  Vifion 
is  not  the  Retina,  as  was  commonly  believed, 
but  that  Membrane  lying  behind  it  called  Cho- 
roides. This  new  and  lingular  Opinion  gave 
Occafion  to  feveral  Epiftles  betwixt  Mari- 
otte,  on  the  one  Hand,  in  favours  of  the 
Choroides,  and  M.  Pecquet  andPERRAULT, 
on  the  other,  in  favours  of  the  Retina; 
wherein  the  Argument  on  both  Sides  was  fo 
.dextroufly  managed,  that  it  is  very  difficult 
for  one  to  determine  himfelf  which  Opinion 
he  ought  to  embrace. 

§  14.  Mr.  Mariotte's  Arguments  are  in 
Subftance  as  follows : 

imo,  The  Retina  is  tranfparent,  and  confe- 
quently,  like  all  other  tranfparent  Bodies,  fuch 
as  Air,  Water,  <iyc.  it  can  receive  but  a  very 
faint  Impreffion  from  the  Rays  of  Light ;  but, 
on  the  contrary,  opaque  and  black  Bodies, 
fuch  as  the  Choroides,  receive  a  ftronger  and 
more  lively  Impreffion,  and  therefore  mult 
be  better  qualified  for  being  the  principal  Organ 
of  Sight. 

To  this  Pecq_u  et  anfwers,  that  it  is  certain, 
that  the  Retina  has  fome  Degree  of  Tranfpa* 
rency,  by  means  of  which  the  Colour  of  the 
Choroides  may  be  feen  thro'  it ;  but  this  Trans- 
parency is  very  far  inferior  to  that  of  Air  or 
Water,  and  is.  much  the  fame  with  that  of  oil- 
ed Paper ;  for  if  the  Sclerotis  and  Choroides  be 

taken 
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taken  away  from  a  frefh  Eye,  and  the  Retina 
be  left  extended  on  the  vitreous  Humour,  one 
fhali  not  be  able  to  fee  well  thro'  this  Mem- 
brane, beqaufe  of --its  Opacity ;  and  if  the  Re- 
tina be  immerfed  in  Water,  you  lhall  obferve 
it  altogether  white,  and  almoft  without  Tranf- 
parency  :  From  which  he  concludes,  that  this 
Opacity  in  the  Retina  is  Sufficient  to  flop  the 
Rays  as  much  as  is  needful  for  diftinft  \ "ifion, 
and  to  hinder  them  from  reaching  the  Cho- 
roides in  that  Quantity  which  the  painting  a 
diftinet  Image  of  the  Object  thereon  would 
require;  for  if  it  be  fuppofed  necefiary  for 
Vifion,  that  the  Light  fliould  pafs  to  the  Cho- 
roides,  the  Opacity  of  the  Retina  would  be  as 
hurtful  to  the  Sight,  as  if  the  Cornea,  Cry- 
ftalline,  or  other  Humours,  had  been  tainted 
with  the  fame  Opacity,  which  Nature  has  al- 
ways made  transparent  for  traufmitting  the 
Rays  to  the  Organ  of  Sight, 

And  as  to  the  Blacknefs  of  the  Choroides 
which  Mariotte  pretends  to  be  neceflary 
for  Vifion,  the  fame  Author  anfwers,  that  tho* 
this  Membrane  in  Man,  Birds,  and  fome  other 
Creatures,  be  black,  yet,  in  the  Eyes  of  other 
Animals,  fuch  as  the  Lyon,  Camel,  Bear,  Ox, 
Dear,  Sheep,  Dog,  Cat,  &c.  it  is  never 
black,  but  of  fome  other  bright  and  refplen- 
dent  Colour ;  and  Fifh  have  commonly  the 
Choroides  covered  with  a  Colour  as  bright  and 

mining 
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fhining  as  the  fineft  oriental  Pearl;  thefe  Co- 
lours form  upon  the  Surface  of  the  Cboroides 
a  Sort  of  Tapetum  or  Carpet,  which  of  Ne- 
ceffity  muft  intercept  the  Rays,  and  hinder 
them  from  pafiing  to  the  Cboroides  for  paint- 
ing thereon  the  Images  of  Objecls :  From  all 
which  he  concludes,  that  tho'  black  Bodies 
receive  the  ftrongeft  Impreflions  from  Light, 
yet  from  thence  it  does  not  follow,  that  the 
Cboroides  is  the  principal  and  immediate  Organ 
of  Sight ;  becaufe,  iji,  It  is  not  always  black* 
but,  in  divers  Animals,  of  divers  Colours ;  and, 
2dly,  becaufe  the  Opacity  of  the  Retina  inter- 
cepts the  Light,  and  hinders  it  from  palling  to 
the  Cboroides  in  that  Quantity  which  is  needful 
for  Villon. 

To  this  Mr*  Mariotte  replies,  that 
tho'  the  Retina  may  have  fome  little  Opacity 
and  Whitenefs,  yet  it  is  not  fuch  as  can  hin- 
der the  Light  from  paffing  to  the  Cboroides 
ill  that  Quantity  which  is  neceflary  for  Vifion, 
but  only  fuch  as  may  be  neceflary  for  foften- 
ing  and  diminifhing  its  too  great  Strength  and 
Vivacity,  which  might  hurt  the  Cboroides  when 
Objects  are  too  bright  and  luminous  ;  in  like 
Manner  as  the  infenfible  Epidermis,  or  Scarf- 
fkin,  which  is  extended  over  all  the  organ  of 
Touch,  hinders  that  it  be  not  hurt  by  the 
Bodies  which  we  touch,  or  by  the  Excefs  of 
Cold  and  Heat  to  which  we  are  often  expofed. 
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And  as  to  what  Pecquet  alledges,  That,, 
having  taken  away  the  Sclerotis  and  Choroides 
from  an  Eye,  and  left  the  Retina  extended 
over  the  vitreous  Humour,  this  Membrane  is 
fo  opaque,  that  Objects  cannot  be  feen  di- 
ftinftly  thro'  it;  Mariotte  will  not  allow 
this  to  be  a  good  Argument  for  proving 
the  Opacity  of  the  Retina*,  and  that  be- 
caufe  there  may  be  a  great  Difference  betwixt 
the  Retina  of  a  dead  Animal  expofed  to  Air, 
and  that  of  a  living  Animal  exadlly  inclofed 
betwixt  the  vitreous  Humour  and  Choroi- 
des. Different  Difpofitions  change  the  Quali- 
ties, of  Things;  Paper,  when  wretted,  is  tranf- 
parent,  but  foon  becomes  opaque,  when  ex- 
pofed to  Air,  by  the  Evaporation  of  the  Wa- 
ter with  which  it  was  moiftened:  Fat,  which 
is  tranfparent  when  melted,  grows  opaque  when 
cold  :  The  Cornea  of  an  Eye  being  held  fome 
Hours  in  a  hot  Air,  becomes  gradually  lefs  and 
lefs  tranfparent,  and  at  laft  altogether  opaque  r 
The  little  Cryftalline  which  Fifh  have  in  the 
Middle  of  the  great  one,,  when  the  Animal  is  a- 
live,  is  as  tranfparent  as  the  other  Humours  of  the 
Eye ;  but,  two  or  three  Days  after  Death,  it 
becomes  white  and  opaque,  tho'  it-  remain 
fliut  up  in  the  Eye,  and  the  external  Cryftalline 
retain  its  former  Transparency.  It  is  not 
therefore  a  good  Argument  to  prove  the  Opa- 
city 
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city  of  the  Retina,  that  it  is  fomewhat  opaque 
in  dead  Animals. 

The  fame  Author  oblerves,  that  Mr.  Pec- 
quet's  fecond  Argument  for  proving  the 
Opacity  of  the  Retina,  is  alfo  deceitful ;  For 
tho'  it  appear  white  when  immeried  in  Water, 
yet  it  is  not  fo  naturally;  for  the  Membrane 
covering  the  vitreous  Humour,  tho*  naturally 
tranfparent,  yet,  when  it  is  put  amongft  Wa- 
ter, it  alfo  appears  whitifh  and  opaque,  like  a 
Cob-web  ;  and  therefore,  fays  he,  it  is  not  a 
good  Method  for  difcovering  if  the  Retina  be 
opaque  in  a  living  Animal,  to  plunge  it  a- 
niongft  Water :  and  no  Confequence  can  be 
drawn  from  any  Experiments  made  upon  the 
Retina  after  it  has  been  expofed  to  Ahv  to 
prove  that  it  is  naturally  opaque  when  the  Ani- 
mal is  alive ;  for  the  Crystalline  itfelf  becomes 
a  little  muddy  in  Water;  and  if  it  remain 
therein  for  any  Time,  Aor  if  it  be  expofed 
to  Froft,  it  turns  white  and  opaque  like 
Snow. 

To  know  therefore  the  natural  State  of  the 
Retina ,  and  whether  the  Light  of  Objects 
does  pafs  almoft  intirely  to  the  Choroides,  or  if 
it  be  almoft  all  ftopt  by  the  Retina,  it  is  ne- 
ceffary  to  make  fome  other  Experiments ;  fiich 
as  the  following  : 

Take  the  Eye  of  an  Ox  new  killed,  while 
it  is  hot,    and  cut  it   in  two   tranfverfly,  in 

fuch 
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fuch  a  manner  as  a  good  Part  of  the  vitreous 
Humour  may  remain  extended  upon  the  Re- 
tina, then  you  IJiall  fee  difiinctly  the  Colours 
of  the  Choroides,  the  Bafe  of  the  optic  Nerve, 
the  Trunk  of  the  little  VeiTels  that  proceed 
from  thence,  and  their  Difpofition  thro' the 
Thicknefs  of  the  Retina,  with  fo  much  Perfpi- 
cuity,  that  you  cannot  even  difcern  whether 
there  be  a  Retina  beyond  the  vitreous  Humour  or 
not :  Whence  it  follows,  that  the  Light  which 
Objects  fend  to  the  Choroides  is  more  than 
fufficient  to  produce  Vifion  therein ;  fince, 
after  it  is  reflected  from  it,  and  has  repaired 
thro'  the  Retina  and  vitreous  Humour  of 
the  Oxe's  Eye,  it  is  yet  ftrong  enough  for 
making  us  fee  the  Choroides  diftinctly. 

The  Tranfparency  of  the  Retina  will  alfo 
be  evident  from  this  other  Experiment: 
Place  by  Night  a  lighted  Candle  near  your 
Eyes,  and  Caufe  a  Dog,  diftant  from  the 
Candle  eight -or-  ten  Paces,  to  look  at  you, 
and  you  fhall  fee  in  his  Eyes  a  bright  fbining 
Light,  which  can  proceed  from  nothing  but 
the  Reflection  of  the  Light  of  the  Candle, 
whofe  Image  is  painted  on  the  Choroides  of 
the  Dog,  which  having  much  Whitenefs  and 
Luftre,  caufes  this  ftrong  Reflection  :  For  if 
it  proceeded  from  the  Cryftalline  or  Retina, 
or  the  far  Surface  of  the  vitreous  Humour, 
the  fame    Appearance  would  be  kca  in   the 

Eyes 
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Eyes  of  Men,  Birds-,  and  other  Animals; 
which  never  happens,  becaufe  their  Choroides 
is  black,  and  confequently  unfit  for  reflecting 
the  Light  which  falls  on  it.  It  is  therefore 
manifeft,  by  this  Experiment,  that  the  Rays 
do  pafs  with  much  Force,  as  far  as  the 
Choroides;  and  that  the  Retina  receives  but 
a  very  faint  Impreffion  from  them,  becaufe 
of  its  Tranfparency.  The  like  Experiment 
may  be  made  with  feveral  other  Creatures, 
and  particularly  with  Cats,  in  whofe  Eyes 
this  Light  appears  blueifh  ;  which  fhews  that 
it  proceeds  from  their  Choroides  which  hath 
much  of  this  Colour. 

But,  that  this  Experiment  may  be  the  better 
under  flood,  1  fhall  explain  the  Reafon  of  it 
more  particularly ;  it  is  this  :  The  little  Image 
of  the  Candle  which  is  made  on  the  Choroides, 
where  the  Cryftalline  and  the  other  refracting 
Humours  have  their  Focus y  fends  back  the 
Rays  thro'  the  Humours,  which  will  therefore 
be  again  brought  together,  and  re-united  in 
the  Place  of  the  Candle;  and  the  Spectator's 
Eyes  being  near  the  Candle,  muft  of  con- 
fequence  fee  the  Cryftalline  of  the  Dog  great* 
ly  illuminated,  juft  as  when  one  looks  at  a 
Candle  thro'  a  convex  Lens  or  Speclacle- 
Glafs,  having  his  Eye  placed  in  the  Fo- 
cus, where  the  Image  of  the  Candle  is 
made  ;    for   the   Glafs    then   appears    bright 

and 
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and  fhining,  like  fo  much  Fire,  becaufe  the 
Candle  is  then  feen  in  the  Glafs ;  as  Opticians 
know. 

This  may  (till  be  further  illuftrated,  by  pla- 
cing a  round  Glafs  Decanter  full  of  Water,  about 
eighth  or  ten  Feet  from  a  Candle,  and  putting 
a  white  Paper  behind  the  Decanter,  about  the 
Diftance  of  Half  its  Diameter,  fo.as  it  may 
receive  the  Image  of  the  Candle  in  the  Focus 
of  the  Rays ;  for  thofe  who  have  their  Eyes 
near  the  Candle,  will  fee  the  Decanter  full 
of  Light,  which  will  vanifh  when  the  Paper 
is  moved  to  a  greater  or  leffer  Diftance  from 
the  Decanter ;  and  if  you  fhall  put  a  lighted 
Wax  Taper  or  Bougie  in  place  of  the  Paper, 
the  Eye  being  placed  in  the  Place  of  the 
Candle  after  it  is  taken  away,  fhail  fee  the 
Decanter  yet  more  bright  and  luminous  than 
before  :  Whence  it  is  evident,  that  the  Light 
which  appears  in  the  Dog's  Eye  proceeds 
from  the  like  Caufe.  And,  to  confirm  this 
ftill  further,  let  the  Candle  be  placed  to  a-fide, 
fo  as  it  may  illuminate  your  Face  ftrongly, 
while,  at  the  fame  time,  it  does  not  fhine 
upon  the  Dog;  for  here  alfo  you  fhall  fee 
much  Light  in  his  Eyes :  But  if  you  fhade 
your  Face  from  the  Candle,  this  Light  will 
difappear ;  which  is  a  convincing  Proof,  that 
it  proceeds  from  the  Image  of  your  Face  in 

his 
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his  Eyes,  and  that  it  is  upon  the  Choroides 
that  this  Image  is  painted. 

I  have  been  the  more  particular  in  ex- 
plaining this  Experiment,  as  it  may  ferve 
to  account  for  the  Radiation  of  the  Eyes 
of  Cats  and  other  nodturnal  Animal,  which 
many  have  without  Caufe  deduced  from  an  in- 
herent Light  in  their  Eyes.    But  I  muft  proceed: 

As  toPECQ.UET's  other  Objection,  taken 
from  the  different  Colours  of  the  Choroides 
in  different  Animals,  Mar  10 tte  acknowled- 
ges, that,  in  feveral  Creatures,  it  is  not  black, 
but  of  fome  other  bright  Colour;  and  he 
does  not  affirm,  that  Blacknefs  in  the  Choroi- 
des is  abfolutely  neceffary  for  Vifion,  but 
only  for  rendering  Vifion  more  ftrong  and 
lively.  His  Dodhine  is  this :  The  Retina 
being  tranfparent,  can  receive  but  a  very 
faint  Impreffion  from  the  Light:  But  the 
Choroides^  like  all  other  opaque  Bodies,  muft 
receive  a  ftronger  Impreffion;  and  if  it  be 
black,  the  Impreffion  will  be  yet  ftronger 
than  when  it  is  of  any  other  Colour;  for 
black  Bodies  grow  hotter  in  the  Sun,  and 
take  Fire  fooner  than  Bodies  of  other  Colours, 
and  efpecially  white  Ones ;  and  therefore 
the  Light  ails  more  upon  them.  And 
this  is  the  Reafon  why  Men  and  Birds  fee 
better  and  more  diftin&ly  than  moft  other 
Animals ;    for  their  Choroides  being;  black,  and 
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by  confequence  very  fenfible  of  Light,  they 
contract  their  Pupil  much,  which  makes  the 
Rays  which  pafs  there,  from  each  Point  of  the 
Object,  to  be  all  very  near  the  Axis  of  the 
Cryftailine,.  and  to  re-unite  more  exactly  in  a 
Point  than  in  the  Eyes  of  moll  other  Animals 
which  have  their  Choroides  white  towards  the 
Axis  of  the  Eye,  and  by  confequence  lefs 
lenfible  of  Light,  but  who,  in  Recom- 
pence,  can  very  much  dilate  the  Pupil  of 
their  Eyes,  when  they  (land  in  need  of 
great  Light;  but  then  their  Sight  is  not  fo 
diftincl,  becaufe  the  Rays  which  fall  to- 
wards the  Edge  of  the  Cryftailine  do  in- 
terfect  the  Axis  too  near  the  Cryftailine  in 
their  Refractions. 

2do,  Mr.  Mariotte's  fecond  Argument 
againft  the  Retina's  being  the  immediate  Or- 
gan of  Viiion,  is,  that  it  is  not  compofed  of 
Fibres,  but  that  it  is  only  a  foft  Glue  or 
Mucus,  which  does  not  communicate  with 
the  Brain.  But  the  Choroides,  which  is  a 
Production  of  the  Via  Mater,  covers  the  Optic 
Nerve  beyond  the  Eye,  and  accompanies  the 
Nerve  thro'  its  whole  Courfe  to  its  Origin  in 
the  Brain. 

But  this  Argument  has  but  little  Weight ; 
for  all  Anatomifts  agree  with  Pecquet  in 
making  the  Retina  nothing  but  a  Continuation 
of  the  medullary  Fibres  of  the  optic  Nerve, 

which. 
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which,  tho?  becaufe  of  their  Smallnefs  and 
Delicacy,  which  was  necelfary  that  they  might 
be  the  more  fufceptible  cf  the  Impreffions  of* 
Light,  they  feern  to  compofe  a  fort  of  Glue 
or'  Mucus  ;  yet  this  Glue  or  Mucus,  when  the 
Retina  is  put  amongft  Water,  appears  plainly 
to  be  a  Continuation  of  the  medullary  Sub- 
ftance  of  the  Nerve.  It  cannot  indeed  be 
denied,  that  the  Choroides  does  like  wife  termi- 
nate in  the  Brain,  and  therefore  it  mull  be 
allowed  that  both  the  one  and  the  other  are 
upon  that  Account  equally  qualified  for  con- 
veying the  Impreffions  of  Light  to  the  Sen- 
Jorium  ;  and  therefore,  to  determine  this 
Queftion,  we  muft  have  Recourfe  to  other 
Arguments  than  thofe  taken  from  the  want  of 
Communication  betwixt  either  the  Choroides  or 
Retina  and  the  Brain. 

%th9  Another  Argument  of  Mariotte's 
in  favour  of  the  Choroides,  is,  That  fince  the 
Retina  is  tranfbarent,  and  about  half  a  Line 
thick,  it  is  impoffible  it  can  be  the  Organ  of 
Sight,  becaufe  of  its  Thicknefs :  For  diftinct 
Vifion  confills  in  the  Union  of  the  Rays  which 
come  from  the  feveral  Points  of  the  Object 
in  fo  many  correfponding  Points  in  the 
Organ  of  Sight ;  and  therefore,  if  the  Rays 
be  united  at  a  Point  in  its  Surface  next  the 
vitreous  Humour,  they  will  interfecleach  other, 
and  Fall  on  different  Points  in  its  other  Surface, 
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next  the  Choroides;  and  if  they  be  united 
in  a  Point  in  this  Surface,  they  muft  have 
palled  the  other  Surface  in  different  Points, 
and  if  they  be.  united  any  where  betwixt  thefe 
two  Surfaces,  they  muft  fall  on  different  Points 
in  both  the  Surfaces:  And  thus  Vifion  will 
be  rendered  confufed,  in  whatever  Part  of  the 
Ret  ma  the  Rays  be  conceived  to  unite;  but 
the  Choroides  being  very  opaque,  may  receive 
the  Rays  which  come  from  each  Point  of 
the  Object  at  as  many  correfponding  Points* 
in  its  Surface  ;  which,  becaufe  of  its  Opacity, 
cannot  be  penetrated  thereby,  and  confequent- 
ly  it  mull  be  well  qualified  for  diftincl  Vifion. 
To  this  Mr.  Pecquet  Anfwers,  That  thor 
diftinct  Vifion  confifts  in  the  Union  of  the  Rays 
which  come  from  the  feveral  Points  of  the 
Object,  at  fo  many  correfponding  Points  in 
the  Organ  of  Sight ;  yet  thefe  Points  are 
not  to  be  underftood  as  mathematical  Points, 
without  Magnitude,  but  as  phyfical  Ones, 
which  may  occupy  a  Space  equal  to  the 
fmall  Thicknefs  of  the  Retina,  without  cau- 
fing  any  Confufion ;  for  the  Retina,  he  fays, 
in  Man  is  fcarce  thicker  than  ordinary  Paper,, 
and  in  Oxen,  Horfe,  Deer,  Lyons,  Boars, 
Swine,  Sheep,  Dogs,  and  other  large  Ani- 
mals, which  he  has  examined,  it  never 
exceeds  three  or  four  Leaves  of  Paper,  which 
is  lefs  than  the  fourth  Part  of  a  Line. 

But 
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But  Mariotte  is  not  fatisfied  with  this 
Anfvver.  He  indeed  acknowledges,  that  the 
Point  of  the  Organ  of  Sight,  in  which  the 
Rays  are  united  by  Refraction,  is  a  phylical 
Point:  But  then  he  contends,  and  that  with 
good  Reafon,  that  it  is  much  fmaller  than 
any  that  can  be  perceived  by  Sight;  for  the 
Image  of  the  Object  painted  on  the  Organ 
of  Sight,  being  vaftly  {mailer  than  the  Object 
itfelf,  every  Point  of  that  Picture  mufl  alfo 
be  much  fmaller  than  the  vifible  Point  of  the 
Object  which  it  reprefents  ;  and  therefore, 
fince  we  can  fee  diftiiictly  very  fmall  Objects, 
fucli  as  the  minute  Ramifications  of  the  Arteries 
in  the  Retina,  whofe  Diameter  does  not  ex- 
ceed the  8th  Part  of  the  Thicknefs  of  that 
Membrane,  its  Image  on  the  Retina  muft 
be  25,  or  30  times  fmaller  ;  for  the  Magnitude 
-of  the  Object  is  to  the  Magnitude  of  the 
Picture,  as  the  Diftance  of  the  Objed  from 
the  Centre  of  the  Eye,  is  to  the  Diftance  of 
that  Centre  from  the  Org-an  of  Vifion;  and 
confequently,  the  Thicknefs  of  the  Retina^ 
tho'  it  were  lefs  than  the  4th  Part  of  a  Line, 
is  by  no  Means  proper  for  fach  a  Small- 
nefs ;  but  muft  produce  a  Confufion  in  the 
Sight  in  the  Manner  above  explained. 

4%  Mr.  Mariotte's-  laft  Argument  in 
favour  of  the  Choroides,  is  taken  from  that 
Infenfibilitv  of  the  Orcan  of  SMit  where  the 
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optic  Nerves  enter  the  Globe ;  for  if  Vifion 
were  made  in  the  Retina,  it  fhould  be  made 
wherever  the  Retina  is ;  and  fince  the  Retina 
covers  the  whole  Nerve,  as  well  as  the  reft 
of  the  Bottom  of  the  Eye,  there  appears  no 
E.eafon  why  there  fhould  be  no  Vifion  in  the 
Place  of  the  optic  Nerve  ;  but,  on  the  contrary, 
if  it  be  in  the  Choroides  that  Vifion  is  made, 
it  is  evident,  that  the  Reafon  why  there  is 
none  in  the  Nerve,  is,  that  the  Choroides  parts 
from  its  Edge  and  covers  not  the  Extre- 
mity thereof,  as  it  does  the  reft  of  the  Bot- 
tom of  the  Eye. 

This  is  the  ftrongeft  of  all  Mariotte's 
Arguments;  neither  is  it  eafy,  fuppofmg  the 
Retina  to  be  the  Organ  of  Sight,  to  give  a 
fufficient  Reafon  for  its  being  infenfible  where 
the  optic  Nerve  enters  the  Eye.  Mr.  Pec- 
quet has  indeed  propofed  feveral  plaufible 
Conjectures  ;  but  they  are  fuch  as  do  not 
feem  fufficient  to  overturn  Mariotte's  Opi- 
nion. 

His  firft  Hypothecs  is,  that  the  nervous  Fi- 
bres next  the  Centre  of  the  Nerve,  do  all  ter- 
minate exactly  at  its  Circumference,  after  ha- 
ving  covered  its  Extremity  equally  in  expan- 
ding themfelves  every  way,  like  Rays  drawn 
from  the  Centre  to  the  Circumference.  So 
tiat,  according  to  him,  none  of  the  nervous 
Fibres    terminate    in    the  Extremity  of    the 

Nerve, 
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Nerve,  till  they  have  proceeded  as  far  as  its 
Circumference ;  and  that  the  other  Fibres  of 
the  Nerve,  more  remote  from  its  Centre,  do 
terminate  in  the  Retina,  (till  further  and  further 
from  the  Circumference  of  the  Nerve,  according 
as  they  are  at  a  greater  or  leffer  Diflance  from 
its  Centre ;  and  thus  the  whole  outward  Suface  of 
the  Retina  is  compofed  of  the  Extremities  of 
the  Fibres  of  the  Nerve,  excepting  only  that 
Part  of  it  where  the  Nerve  enters,  in  which 
none  of  thefe  Fibres  terminate.  This  be- 
ing fuppofed>  he  fuppofes  further,  that  there 
is  no  Vifion  but  when  the  Rays  of  Light  fall 
on  the  Extremity  of  the  nervous  Fibres,  and 
thence  accounts  for  the  Infenfibility  of  the 
Retina  where  the  optic  Nerves  enter. 

But,  fuppofing  it  were  neceflary  for  Vifion, 
that  the  Rays  fhould  fall  on  the  Extremities  of 
the  nervous  Fibres,  of  which  howeverthereisno 
Proof;  yet  it  is  not  to  be  imagined,  that  Nature 
would  have  thus  difpofed  the  Fibres  of  the 
Nerve,  fo  as  none  of  them  fhould  terminate  in 
the  Retina  at  the  Extremity  of  the  Nerve  ;  fince, 
as  Mariotte  obferves,  a  fimple  direct  Con- 
tinuation of  thefe  Fibres  to  the  anterior  Surface 
of  the  Retina  would  have  been  fufficient  for 
that  Purpofe  :  Whereas,  according  to  Pec- 
q_uet's  Hypothefis,  they  are  carried  itill 
further,  as  far  as  the  Circumference  of  the 
Nerve,  before  any  of  them  terminate;  which 

is 
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is  to  make  Nature  do  fomething  in  vain,  or 
rather  to  do  fomething  for  no  other  Reafon, 
than  to  produce  a  Defecl  in  the  Sight.  This 
Hypothefis  therefore  feems  to  be  altogether  im- 
probable. 

His  fecond  Hypothefis  is,  That  the  nervous 
Fibres  of  which  the  Retina  is  compofed,  do  all 
terminate  at  the  Extremity  of  this  Membrane, 
in  like  manner  as  the  Fibres  of  a  Plant  termi- 
nate in  the  Extremity  of  its  Flower  ;  from 
which  he  concludes,  that  there  mull  be  a  fmall 
Cavity  formed  in  the  Centre  of  the  Retina, 
from  which  Centre  thefe  Fibres  begin  to  ex^ 
pand  themfelves  ;  and  that  the  Rays  of 
Light  which  fall  on  this  Cavity  do  ftrike 
its  Fibres  after  a  different  Manner  from  what 
happens  in  the  other  fenfible  Parts  of  the 
Retina.  The  fenfible  Parts  of  the  Retina,  fays  he, 
receive  the  Rays  perpendicularly  ;  but  this 
Part,  becaufe  of  its  Holiownefs,  muft  receive 
them  obliquely,  fo  that  its  Fibres  will  not 
be  fufficiently  agitated  for  caufing  Villon. 

But  this  Hypothefis  is  far  from  fatisfying ; 
for  Experience  Ihews,  that  where  the  optic 
Nerve  enters,  there  is  never  any  fuch  Cavity 
formed  as  Pecquet  fuppofes;  and  belides, 
fuppofmg  it  were  otherwife,  yet  it  does  not 
follow  that  this  Cavity  would  be  infenfible, 
becaufe  of  the  Obliquity  of  the  Rays  which 
fall  thereon;  for,  as  Mariotte  obferves,  it 
is  not  neceffary  for  Vifion,  that  the  Rays  fall 
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diredtly  upon  the  Organ  of  Sight,  as  Pec- 
quet fuppofes;  it  is  fufficient  that  all  the 
Rays  which  come  from  a  Point  of  the  Objedt 
be  re-united  in  a  Point  on  the  Organ :  And 
it  is  eafy  to  fee,  th^t  of  all  the  Rays  that  are 
made  to  converge  and  meet  at  a  Point  in  the 
Organ,  whether  it  be  fuppofed  the  Retina  or 
Cboroides,  there  is  only  one  that  can  fall  on  it 
dire&ly ;  for,  as  the  Rays  of  Light  wrhich 
come  from  the  Object,  form  a  Cone,  whofe 
Baps  is  the  Pupil,  and  Apex  a  Point  in  the 
ObjecT:;  fo  t-hefe  fame  Rays  do  within  the  Eye 
form  another  Cone  whofe  Baps  is  alfo  in  the 
Pupil,  and  whofe  Apex  is  in  that  Point-of  the 
Organ  to  which  they  converge ;  and  there- 
fore, if  the  middle  Ray  which  paries  thro'  the 
Centre  of  the  Pupil  be  fuppofed  to  fall  perpen- 
dicularly upon  the  Organ  of  Sight,  as  it  cer- 
tainly does,  all  the  other  Rays,  which  pafs 
thro'  the  other  Parts  of  the  Pupil,  mull  fall 
obliquely  upon  that  Point  of  the  Organ, 
and  yet  this  Obliquity  does  not  occafioil  any 
Defect  in  the  Sight ;  from  which  it  follows, 
that  the  Retina  is  not  rendered  infenfible,  where 
the  optic  Nerves  enter,  from  the  Obliquity  of 
the  Rays  that  fall  thereon. 

Pecquet  himfelf  appears  not  to  be   fatis- 
fied  with  thefe  Reafons;  and  therefore  propo- 
fes    a    third,  which,  tho'  the  moil   plaufiblc 
of  all,  yet  when  duly  confidered,  does  like- 
wife 
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wife  appear  infufficient  for  over-turning  Mar  i- 
otte's  Hypothefis.     It  is  as  follows  : 

All  Anatomifts  have  obferved,  that  with  the 
optic  Nerve,  there  enters  the  Eye  fome  little 
Trunks  of  Blood- Veffels,  which  are  afterwards 
divided  into  minute  capillary  Ramifications, 
wHieli  are  diftribufed  thro'  the  Retina,  Now 
(fays  he)  the  Infenfibility  of  the  Retina  where 
the  optic  Nerve  enters,  is  no  Argument  againft 
its  being  thought  the  immediate  Organ  of 
Sight,  becaufe  in  that  Place  the  Rays  of  Light 
do  not  fall  upon  its  nervous  Fibres,  but  upon 
the  Blood- Veffels,  which  are  large  enough  for 
occafioning  that  DefecT;  in  our  Sight. 

To  this  Mariotte  anfwers,  That  it  is 
certain,  that  fome  Veffels  enter  .the  Eye  with 
the  Nerve,  but,  that  they  are  very  fmail,  and 
that  it  is  very  hard  to  difcern  the  little  Holes 
thro'  which  they  pafs,  when  the  Nerve  is  cut 
off  above  its  Infertion  into  the  Eye.  He  alfo 
obferves,  that  thefe  Veffels  do  frequently  pierce 
the  Bafu  of  the  Nerve  by  two  diftincT:  little 
Holes,  the  Diameter  of  each  of  which  does 
not  take  up  above  an  eight  Part  of  the  Dia- 
meter of  the  infeniible  Bafis  of  the  Nerve ; 
and  thence  concludes,  that  that  Part  of  the 
Retina  anfwering  to  the  whole  Bafts  of  the 
Nerve,  could  never  be  rendered  infenfible  by 
fuch  fmall  Veffels,  which  could  only  make  us 
lofe  Sight  of  a  Paper  of  two  Inches  Diame- 
ter, 
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ter,  at  moil,  at  ten  Feet  Diftance :  and  that 
lometimes,  viz.  when  there  are  two  little  Vef- 
fels  in  that  Place,  as  often  happens,  we  ought 
to  lofe  Sight  of  two  fniall  Papers  of  a  Bignefs 
anfwerable  to  the  two  little  Veffels  upon  which 
their  Image  falls,  and  at  the  fame  time  fee  di- 
ftin'clly  the  whole  Space  betwixt  them  ;  which 
is  contrary  to  Experience;  for  the  Default  of 
Vifion  is  always  continued,  and  anfwers  to 
the  whole  Bafis  of  the  Nerve*  From  all 
which  he  concludes,  that  the  Cboroides  is  the 
immediate  Organ  of  Sight ;  and  that  this  Defedl 
thereof  where  the  optic  Nerves  enter,  is  occa- 
floned  from  the  want  of  the  Cboroides  in  that 
Place,  and  not  from  the  -  Biood-Veffels,  as 
Pecquet  alledges. 

§  15.  Having  given  you  the  Subftance,  of 
what  paired  betwixt  Mariotte  and  Pec- 
quet, with  regard  to  the  principal  Organ  of 
Sight,  I  might  now  examine  the  Caufes  which 
Mr.  Perrault,  in  Support  of  the  Retina, 
affigns  for  that  Defect  of  Sight,  where  the 
optic  Nerves  enter ;  bet  I  think  it  unneceftary, 
becaufe  they  are  only  Conjeclures ;  and  fuch 
Conjeclures  too,  that  fuppofmg  them  true,  yet 
they  do  not  appear  fufficient  to  overturn  Ma- 
riotte's  Opinion.  And  this  appears,  not 
only  from  the  Epiftles  that  palled  betwixt 
them,  to  which  the  curious  may  have  Re- 
courfe,  but  alfo  from  the  Authority  of  M.  de  la 
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Hire,  one  of  the  moft  learned  Members  of 
the  French  Academy,  and  an  excellent  Judge 
of  thefe  Matters,  who  therefore,  in  the  Year 
1694,  after  ■  fhewing  his  Diffatisfadtion  with 
all  that  Pecquet  and  Perrault  had  faid, 
did  account  for  that  Infenfibility  of  the 
Retina  at  the  Bafis  of  the  Nerve  more  inge- 
nioufly,  than  either  Pecquet  or  Perrault, 
or  any  other  that  went  before  him. 

His  Opinion  is,  That  this  Defect  in  the 
Sight,  where  the  optic  Nerves  enter,  cannot 
be  attributed  to  Blood- Veffels,  or  to  any  thing 
elfe  but  the  Want  of  the  Choroidcs  in  that  Place ; 
but  yet  he  thinks,  that  the  Choroides  is  not  to 
be  efteemed  the  principal  Organ  of  Sight; 
for  he  thinks  it  ridiculous  to  fearch  for  the 
Organ  of  any  Senfe  any  where,  but  in  the 
Nerve  ;  and  the  Retina  being  an  Expanfion  of 
the  nervous  Fibres  which  are  diftributed  thro' 
all  the  Bottom  of  the  Eye,  he  with  very 
good  Reafon,  looks  on  it  as  the  immediate 
Organ  of  Sight ;  but  then  he  thinks  that  this 
Organ  does  not  receive  that  Imprefiion  which 
is  neceffary  for  producing  Vifion  immediately 
from  the  Rays  themfelves,  but  that  they  pafs 
thro'  the  transparent  Retina  to  the  Choroides, 
which  being  opaque  and  frequently  black,  is 
excellently  qualified  for  being  agitated  by  the 
Pvays  of  Light ;  and  that  thefe  Agitations 
excited  in  the  Choroides  are  communicated  to 
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the  Retina  which  it  toucheth,  and  from  it 
are  carried  to  the  common  Senfory,  by  Means 
of  the  medullary  Subftance  of  the  Nerve,  of 
whofe  Fibres  the  Retina  is  an  Expanfion. 

This  is  indeed  a  very  beautiful  and  ingenious 
Opinion,  and  does  excellently  well  account  for 
that  Defect  which  Mar  iotte  firft  obferved 
in  the  Sight  where  the  optic  Nerves  enter: 
For,  fuppoling  the  Retina  the  immediate  Or- 
gan of  Sight,  and  that  it  is  neceflary  that  the 
Choroides  fhould  act  the  Part  of  an  intermedi- 
ate Organ,  and  receive  all  the  different  Im- 
preflions  of  Light  for  to  tranfmit  them  to  the 
Retina,  and  to  render  them  fenfible  to  it,  by 
a  Modification  proper  for  that  Effect;  it  is 
eafy  to  fee,  that  the  Retina  cannot  receive 
thefe  Impreffions  which  are  neceflary  for  Vi- 
fion,  where  the  Choroides  is  wanting;  and 
that  therefore  there  muft  be  a  Defect  in  the 
Sight  at  that  Place  where  the  optic  Nerves 
enter  the  Globe. 

And  this  Opinion  appears  ftill  the  more- 
probable,  from  what  every  body  knows  to 
happen  in  the  Ear  ;  for  the  fpiral  Lamell  has 
a  proper  Difpofition  to  receive  the  Tremors 
of  the  Air,  and  to  communicate  them  to  fcfae 
Ramifications  of  the  Auditory  Nerve  expanded 
upon  it,  for  exciting  in  the  Mind  the  Idea  of 
Sound:  And  the  Cafe  is  the  fame  in  the 
other    Scnfes,    as   M.  de  Verne y    has  well 
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obferved,  in  the  96th  Page  of  his  elegant 
Treatife  de  POrgane  de  i'Onie  ;  for  the 
Nerves  are  of  a  Nature  too  tender  and  delicate 
for  to  be  expofed  naked  to  the  Action  of  exr 
ternal  Bodies ;  and  therefore  it  was  neceflary 
that  the  Membranes  which  cover  the  Nerves, 
and  which  are  as  a  middle  Organ,  ftiould  receive 
the  proper  Impreflions  for  to  communicate 
them  to  the  Nerves,  with  that  Difpolition 
and  Modification  which  is  proper  for  the 
Senfation. 

§  16.  Thefe  Reafons  appeared  to  me  fo 
very  ftrong  and  convincing,  that  I  very  readily 
went  into  de  la  Hire's  Opinion*  But  I  after- 
wards .met  with  two  anatomical  Obfervations, 
made  by  the  Members  ef  the  Royal  Acade- 
my, which  intirely  deftroys  this  Hypothefis ; 
but,  by  good  luck,  at  the  fame  time,  they 
finally  determine  the  Queftion  before  us, 
Whether  it  be  the  Retina  or  Choroides  that  is 
the  immediate  Organ  of  Sight? 

Thefe  Obfervations  are,  the  one  upon  the  Sea 
Calf,  and  the  other  upon  the  Porcupine;  both 
which  were  found  to  have  their  optic  Nerves 
inferted  in  the  Axis  of  the  Eye  directly  op^ 
polite  to  the  Pupil.  (See  their  Natural  Hiftory 
of  Animals.)  Dr.  Willis,  in  his  Anima 
Brutorum,  tells  us,  that  the  fame  thing  obtains 
in  Dogs;  and  Dr.  Briggs,  in  his  Ophthal- 
vjopraphi:?,    favs^   that   the  Nerve    enters  the 
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Globe  in  the  Middle  oppofite  to  the  Pupil, 
not  only  in  Dogs,  but  alfo  in  Cats,  and  all 
the  other  fagacious  Animals,  without  Excepti- 
on; but,  not  being  apprifed  of  the  Confe- 
quence  of  inch  Qbiervations,  it  feems  they 
were  at  little  Pains  in  making  them  accurate, 
as  appears  from  what  they  tell  us  in  the  fame 
Place,  that  the  optic  Nerve  does  alfo  enter 
the  Eye  in  its  Axis  in  Men;  which  is  certain- 
ly a  Miftake,  tho'  it  is  not  fo  much  to  a-fide 
as  in  Oxen,  Sheep,  Swine,  and  the  greateft 
Part  of  Birds  and  Fillies.  But  what  thefe 
Gentlemen  of  the  Academy  of  Sciences  have 
obferved  to  us  with  regard  to  the  Infertion 
of  thefe  Nerves  in  the  Porcupine  and  Sea- 
Calf,  may  be  more  fafely  relied  on,  becaufe 
they  were  at  Pains  to  examine  it  exaftly, 
knowing  the  Confequence  of  fuch  Obfervations, 
in  overturning  Mar  i  o  t  t  e's  Hypothefis ; 
which  they  do  moil:  efFe&ually ;  as  every  one 
muft  fee,  without  my  needing  to  fay  any 
thing  further  upon  it. 

Neither  is  it  poffible,  that  this  Defeat 
in  our  Sight  where  the  optic  Nerves  enter, 
can  be  owing  to  the  Want  of  the  Choroides  in 
that  Place,  which,  according  to  de  la  Hire, 
ought  to  receive  the  Impreffion  from  the 
Rays  of  Light,  and  communicate  it  to  the 
Retina,  with  that  Difpofition  and  Modification 
which  is  proper  for  Vifion  j    for,    were  this 

true, 
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true,  then,  in  thefe  Creatures  which  have  the 
optic  Nerves  fituated  in  the  Axis  of  the  Eye, 
and  which,  byconfequence,  do  directly  receive 
on  the  Extremity  of  the  Nerve  the  vifual 
Species,  all  Objects  .would  become  invifible  to 
which  their  Eyes  are  turned,  becaufe  the 
Chor  aides  is  wranting  in  that  Place  where  the 
Image  falls ;  which  being  contrary  to  Ex- 
perience, it  follows,  that  fome  other  Caufe 
miift  be  affigned  for  this  Defedt  in  our  Sight, 
where  the  optic  Nerve  enters  the  Globe,  than 
the  Want  of  the  Chor  aides. 

§  17.  In  order  to  find  fomething  probable 
in  fo  difficult  a  Matter,  we  muft  confider, 
that  Vifion  confifts  in  Impreflions  made  on 
the  Organ  of  Sight,  which  are  infinitely  more 
flight  and  delicate  than  the  Impreflions  made 
upon  the  other  Organs  of  Senfe ;  and  there- 
fore, that  the  Organ  might  be  fufceptible 
of  thefe  weak  Impreflions,  it  was  neceffary. 
that  it  fhould  be  endowed  with  a  Subftance 
exquifitely  delicate  and  tender:  And  this  may 
be  the  Reafon,  why  the  Retina  is  made  fo 
foft  and  tender,  that  it  appears  like  the  me- 
dullary Part  of  the  Nerve  diflblved  into  a  Sort 
of  foft  Glue,  or  Mucus.  Now,  it  is  very 
probable  that  this  Defeat  in  our  Sight  where 
the  optic  Nerves  enter  the  Globe,  proceeds 
from  the  Hardnefs  and  Callofity  of  the  Retina 
in  that  Place,  which  has  not  as  yet  acquired 
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that  Softnefs  and  Delicacy  that  is  neceffary  for 
receiving  fo  flight  Impreffions  as  thofe  of  the 
Rays  of  Light;  for  the  Retina  is  always  a 
great  deal  more  foft  and  tender  than  the 
medullary  Part  of.  the  Nerve  of  which  it  is 
formed,  excepting  where  it  covers  the  Bafis 
of  the  Nerve,  which  ftill  retains  fomething 
of  that  Firmnefs  which  it  had  in  the  Nerve, 
by  which  it  is  rendered  unfit  for  being;  fufficient- 
ly  agitated  by  the  faint  Impreffions  of  Light. 
And  this  we  take  to  be  the  Reafon,  why  that 
Part  of  our  Retina  is  infenfible  where  the  optic 
Nerve  enters. 

And  this  Conjecture  is  rendered  ftill  the 
more  probable,  from  what  Pecquet  tells  us, 
that  bright  and  luminous  Objefts,  fuch  as  a 
bright  Candle  at  four  or  five  Paces  Diftance, 
does  not  fo  abfolutely  difappear,  but  that  one 
may  perceive  its  Light,  tho'  its  Pi&ure  be  on 
the  Bafts  of  the  Nerve;  for,  if  it  is  at  all 
feen,  tho'  ever  fo  faintly,  this  fhews  not  only 
that  this  Defed:  in  the  Sight  does  not  proceed 
from  the  Want  of  the  Choroides,  but  alfo  that 
the  Retina  is  not  altogether  infenfible  where 
the  Nerve  enters  ;  which  makes  it  probable, 
that  its  Infenfibility  arifes  from  a  Firmnefs  and 
Callofity  that  is  not  to  be  overcome  but  by 
a  very  ftrong  Light. 

But,  in  other  Creatures,  whofe  Nerves  enter 
at  the  Axis   of  the  Eye,  provident  Nature, 
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to  prevent  fo  great  an  Inconveniency  as  would 
of  Neceffity  follow  from  an  Infenfibility  of 
the  Retina,  where  the  Nerve  is  inferted,.  has 
foftened'the  Bafis  of  the  Nerve  into  a  Sub- 
ftance  equally  delicate  and  fenfible  with  that 
of  the  reft  of  the  Retina.  And  this  we 
take  to  be  the  Reafon,  why  thefe  Animals 
have  no  Defect  in  their  Sight  in  the  Axis 
of  the  Eye  where  the  optic  Nerves  enter  it. 


A 

TREATISE 

ON     THE 

Eye,  the  Manner  and  Pheno- 
mena of  V  J  SI  O  N. 

BOOK    IV. 

CHAP.     I. 

Of  the    different   Conformations  of  the  Eye  in 
different  Animals,  and  the  Benefit  they  receive 
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Se c t .  i .  Tj     r  A  V I N  G flow  fiirveyed  the  fe- 
I — I  veral  Parts  of  the  Eye,  and  a£ 
—    figned  them  their  proper  Of- 
fices, it  iseafytofee  how  the  Retina  receives  the 
Images  of  Obje&s,  and  propagates  them  thro* 
the  delicate  Fibres  of  the  Nerve  to  the  com-" 
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anon  Senfory,  and  how  all  the  other  Parts 
of  this  beautiful  little  Organ  concur  in  render- 
ins:  thefe  Images  as  clear  and  diflinft  as 
poffible.  The  next  Thing  which  falls  in 
Order  to  be  confidered,  is  the  different  Con- 
formations of  the  Eye  in  different  Animals. 
Bat,  having  {pent  fo  much  Time  already, 
I  fliall  difpatch  this  Part  in  lefs  Bounds 
than  the  Dignity  of  the  Subject  would  re- 
quire. 

That  we  may  therefore,  with  all  poffible 
Brevity,  account  for  the  principal  Differences 
in  the  Conformation  of  the  Eyes  of  different 
Creatures,  and  fhew  their  Oeconomy  and  Ap- 
paratus to  be  fuch  as  is  beft  fitted  for  perfecting, 
their  Sight,  according  to  the  different  Mediums 
they  live  in,  and  according  to  the  different 
Neceffities  of  Life ;  we  fliall  reduce  our  Ob- 
fervations  to  four  Heads. 

t/?,   We  {hall  account  for  the  different  Con- 
vexity of -the  Cornea. 

2dly,  The  different  Figure  of  the  Cryflal- 
line,  and  the  Ufe  of  its  Nucleus  in  Fiflies. 

$$$9  The  different  Figure  and  Magnitude 
of  the  Pupil;  and, 

4^/y,  We  fhall  account  for  the  Ufe  and 
Neceffity  of  that  Part  commonly  called  Mar- 
fupium  Nigrum),  which  is  peculiar  to  Birds,  and 
never  to  be  found  in  other  Animals. 

§  2- 
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§  2.  As  to  the  firft  of  thefe,  the  different 
Convexity  of  the  Cornea*,  It  hath  been  already 
obferved,    when  fpeaking  of  the  Structure  of 
the  Eye,  that  the  Cornea  is  always  more  protu- 
berant and  convex  than  the  reft  of  the  Globe; 
and  that,  in  Birds,  it  is  much  more  fo  than 
in  Man,  and  the  greateft  Part  of  Quadrupeds. 
Now,  the  Ufe  of  the  Cornea,  and  the  aqueous 
Humour  which  lies  behind  it,   being  to  begin 
the  Refraction  of  the  Rays  of  Light,  which 
is  afterwards  perfected  by  the  Cryftallirie  and 
vitreous  Humours,  fo  as  the  Rays  that  proceed 
from  the  feveral   Points   of  the  Object   may 
be  again  united,  and  brought  together  in  fo 
many  correfponding  Points  on  the  Retina :    It 
maybe  afked,  how  it  comes  to  pais,  that  this 
great  Convexity  of   the  Cornea  in  Birds  does 
not  render  their  fight  confufed  and  indiftinct, 
by  increafing  the  Refraction,  and  making  the 
Rays  meet  at  fome  Point   before  the  Retinay 
in  like  manner  as  in  fliort-figh'ted  Men,  who 
never   fee    Objects  distinctly  at  an    ordinary 
Diftance,  by  Reafon  their  too  plump  and  con- 
vex Cornea  makes  the  Rays  conveen  too  foon. 
behind  the  Cryftalline  ? 

To  this  I  anfwer,  That  this  great  Convexi- 
ty in  the  Cornea  of  Birds  is  f  j  far  from  render- 
ing their  Sight  confufed,  that  it  is  abfolutely 
neceiTary  for  diftinct  Vifion ;  for  it  is  to  be 
obferved,  that,  as  in  Man  and  Quadrupeds, 
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the  Figure  of  their  Eye  is  almoft  fpherical, 
fo  in  Birds,  as  well  as  in  Fifties,  it  is  flat  and 
depreffed,  both  in  its  fore  and  back  Parts, 
by  which  Means  the  Retina  is  placed  near 
the  cryftalline  Humour ;  and  therefore,  were 
not  the  Cornea  of  a  Convexity  agreeable  to 
the  Flatnefs  of  their  Eyes  and  Diftance  of  the 
Retina,  the  diftincl:  Image  of  vifible  Objects 
would  fall  behind  it,  and  thereby  the  Sight 
would  be  rendered  confufed  and  imperfedt, 
like  that  of  old  Men,  who  cannot  fee  Objedts 
diftinclly,  efpecially  at  a  fmall  Diftance ;  by 
Reafon  their  Eyes  have  become  too  flat,  in 
proportion  to  the  Diftance  of  the  Retina ; 
and  therefore  provident  Nature,  who  was 
never  known  to  negledt  any  thing  for  perfect- 
ing the  Organs  cf  Animals,  has  very  wifely 
increafed  the  Convexity  of  the  Cornea  in  fuch 
Creatures  as  have  the  Retina  brought  near  to 
the  Cryftalline  by  the  Flatnefs  of  their  Eyes ; 
for,  being  thereby  enabled  to  fee  Objefts 
diftindtly  at  an  ordinary  Diftance,  they 
can,  by  changing  the  Conformation  of  their 
Eyes,  adapt  them  to  all  other  Diftances 
neceffary. 

§  3.  The  fecond  Thing  to  be  inquired  into, 
is  the  different  Figures  of  the  Cryftalline, 
and  the  Ufe  of  the  Nucleus  or  internal  Cryftal- 
line, which  is  always  found  in  the  Eyes  of 
Fifties. 

In 
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In  the  brief  Defcription.  I  have  given  of  the 
Eye,  I  obferved,  that,  in  all  Animals  that 
live  conftantly  in  Air,  fuch  as  Man,  Quadru- 
peds, and  the  greateft  Part  of  the  Bird-kind, 
the  Cryftalline  is  always  lenticular;  but  in 
fuch  as  always  refide  in  Water,  as  do  the 
greateft  Part  of  Fifties,  its  Figure  is  that  of 
a  Sphere  or  Globe;  and  in  thofe  Creatures 
that  are  fometimes  upon  Land,  and  at  other 
times  in  Water,  as  the  Sea  Calf,  Cormorant,  p'c. 
the  Cryftalline  has  a  middle  Figure  betwixt 
that  of  a  Lens  and  a  Globe. 

Thefe  are  the  Differences  which  have  been 
found  in  the  Figures  of  the  Cryftalline ;  all 
which  are  the  veiy  beft  that  could,  have  been 
for  perfecting  the  Sight  of  thefe  Animals, 
and  are  exactly  fitted  to  their  feveral  Circum- 
ftances  and  Occafions.  For,  with  refpecl  to 
Man,  and  fuch  Animals  'as  live  conftantly  in 
Air,  it  is  not  doubted,  that  they  are  of  fuch  a 
Degree  of  Convexity  as  qualifies  them  for 
feeing  diftinCtly  at  an  ordinary  Diftance ; 
and  this  is  what  all  of  us  conftantly  ex- 
perience. 

But  then,  it  may  be  inquired,  how  it  comes 
to  pafs,  that,  fince  in  Land-Animals  the 
lenticular  Cryftalline  is  fufficient  to  refraCt  the 
Light  as  much  as  is  neceffary  for  Viflon, 
the  fpherical  Cryftalline  of  Fifties  does  not, 
by  its  greater  refractive  Power,  conveen  the 
Rays   before  they  come  at  the  Retina,    and 

thereby 
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thereby  render  their  Sight  confufed  and  in- 
diftindt,  excepting  only  when  the  Objedt  is 
very  nigh  1     To  this  I  anfwer, 

imo9  That  the  Eyes  of  Fifties  are  flat  both 
behind  and  before,  by  which  Means  the  Retina 
is  not  fo  far  removed  from  the  Cryftalline  as 
in  Man  and  Quadrupeds  whofe  Eyes  are 
nearly  a  perfect  Sphere  ;  and  therefore*,  that 
the  Rays  might  be  made  to  meet  at  a  Point 
on  their  lefs  diftant  Retina,  it  was  neceffary 
the  Refraction  fhould  be  increafed  by  the 
fpherical  Figure  of  the  Cryftalline. 

But  this  is  not  all ;  for  this  fpherical  Cry- 
ftalline would  be  more  than  fufficient  for  the 
Diftance  betwixt  it  and  the  Retina,  were  it 
not  that  the  Rays  of  Light  fuffer  no  Refraction 
in  their  Cornea  and  aqueous  Humour.  Every 
Body  knows,  that  Light  is  never  refracted, 
but  when  it  falls  obliquely  on  a  Surface  which 
interceeds  Mediums  of  different  Denfities ;  and 
therefore  it  can  fuffer  no  Refraction  in  falling 
upon  their  Cornea  and  aqueous  Humour,  be- 
caufe  they  are  of  equal  Denfity  with  the  Wa- 
ter in  which  they  fwim :  To  compenfate 
which,  it  was  abfolutely  neceffary,  that  their 
Cryftalline  fhould  have  a  fpherical  Figure, 
for  increafmg  its  Refraction,  that  the  Rays 
might  be  brought  together  to  a  Point  in  the 
Retina.  But  in  Land-Animals,  their  lenticular 
Cryftalline  is  fufficient  for  that  End;  becaufe 
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the  Rays  of  Light  which  pafs  from  the  Ob- 
ject thro'  the  rare  Medium  Air,  fuffer  a  ftrong 
Refraction  in  falling  upon  their  convex  and 
more  denfe  Cornea ;  and  therefore  need  not 
afterwards  fo  much  Refra&ion  in  the  Cryftal- 
line. And  this  is  the  Reafon  of  that  Differ- 
ence that  is  found  in  the  Figure  of  the  Cry- 
ftalline  in  the  Inhabitants  of  the  Air  and 
Water. 

There  is  yet  another  Advantage  which  Fifti- 
es may  reap  from  the  fpherical  Figure  of  their 
Cryftalline,  and  that  is,  that  the  Eye  will  take 
in  more  Objedts  at  one  View,  provided  the 
Pupil  be  large,  as  is  ufual  in  Fifties  Eyes.  The 
Reafon  is,  that  the  Rays  from  collateral  Ob- 
jects fall  perpendicularly  upon  the  Sides  of  the 
fpherical  Cryftalline,  and  obliquely  upon  a 
lenticular  one  :  Confequently,  the  Pictures  of 
collateral  Objedts  upon  the  Retina,  concentric 
to  a  fpherical  Cryftalline,  will  be  as  diftindt  as 
thofe  of  Objects  placed  diredtly  before  the 
Eye;  by  this  Means,  Animals,  whofe  Eyes 
are  placed  on  each  Side  of  their  Heads,  will 
have  the  Advantage  of  feeing  quite  round 
them  almoft  at  one  View,  which  is  a  great 
Perfection  in  Vifion,  and  Prefervative  of  their 
Lives ;  and  in  Fiftes  it  may  compenfate  for 
their  Want  of  Hearing. 

From  what  has  been  faid  of  the  lenticular 
and  fpherical  Cryftalline,  it  is  eafy  to  fee  why 

this 
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this  Humour  is  of  a  middle  Figure,  betwixt  that 
of  a  Lens  and  a  Globe,  in  the  Sea  Calf,  Cormo- 
rant, &c.  Fork  being  neceffary that  thefe  and 
fuch  like  Animals  as  dive  in  purfuit  of  their 
Prey  under  Water,  fhould  fee  both  when 
in  Water  and  upon  Land  ;  this  could  not  be 
better  effectuated,  than  by  giving  the  Cryftal- 
line  that  middle  Figure,  which,  as  is  evident, 
muft  refract  the  Rays  too  much  when  upon 
Land,  and  too  little  when  in  Water;  but, 
by  the  Change  that  is  made  in  the  Conforma- 
ori  of  the  Eye,  they  are  enabled  to  fee  di- 
ftinftly  enough  in /both.  Hence  it  is,  that 
the  Cormorant,  that  large  voracious  Bird, 
about  the  Bignefs  of  a  large  Capon,  which  is 
the  Corvus  Aquaticns  Plinii,  does  purfue  its' 
Prey  under  Water  with  fuch  Nimblenefs  and 
Agility,  and  for  a  long  Time  together,  till  at 
laft  it  catch  it,  which  it  doth  with  a  Dexterity 
that  is  very  furprifing ;  and  therefore  having 
firft  put  an  Iron  Ring  at  the  Bottom  of  its 
Neck,  to  the  end  that  the  Fifh  being  re- 
ceived into  the  Mfopbagus,  which  is  very  large, 
making  a  kind  of  Craw,  may  not  defcend  into 
the  Ventricle,  it  is  frequently  employed  in  Fill- 
ing, and  is  faid  to  afford  a  very  agreeable  Di- 
verfion  ;  and  what  adds  thereto  is,  that,  after 
it  has  feized  a  Fifh,  it  always  throws  it  up  in- 
to the  Air,  and  catches  it  again  by  the  Head 
as  it  falls  down,  that  it  may  fwallow  it   in- 
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tire,  and  without  lofs  of  Time ;  but,  becaufe 
of  the  Ring  about  its  Neck,  the  Fifh  gets  no 
further  than  its  Gullet,  which  being;  larg;e  and 
yielding,  flretches  into  a  large  Pouch  or 
Bag,  in  whicji  the  Fifh  are  kept  till  it  be 
full,  when  they  force  it  to  come  to  Land,  and 
throw  them  up  intire. 

§  4.  The  next  Thing  remarkable  in;  the 
Cryflalline,  is  its  Nucleus,  or  Kernel.  In 
describing  the  Eye,  I  obferved,  that  the  Cry- 
flalline is  always  of  a  different  Confluence  in 
its  outward  and  inward  Parts,  being  external- 
ly like  a  thick  Gelly,  but  internally,  to- 
wards its  Centre,  of  a  Confiftence  equal  to 
that  of  hard  Suet.  This4  Difference  is  in  a 
particular  Manner  remarkable  in  Fifhes,  who 
are  therefore  laid  to  have  a  double  Cryflalline, 
the  one  very  fmall  and  fclid  in  the  Centre  of 
the  other,  which  is  larger,  but  of  a  loiter  and 
lefs  folid  Subftance. 

This  little  Cryflalline,  wjiich  is  as  it  were 
a  Nucleus  or  Kernel  to  the  other,  in  whofe 
Centre  it  is  placed,  is  never  found  wanting  in 
the  Eyes  of  Fillies.  And  indeed,  in  all  Ani- 
mals, fo  far  as  has  been  obferved,  this  Humour 
is  always  much  f  oiler  externally  than  towrards 
its  Centre  ;  neither  is  the  Reafofi  thereof  dif- 
ficult; for  it  is  certain,  from  the  Principles 
of  Optics,  that  the  Rays  of  Light  which  fall 
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upon  the  Extremities  of  the  Cryftalline,  by 
reafon  of  their  greater  Obliquity,  mud  be  more 
refracted  than -thofe  which  fall  upon  its  Middle 
near  its  Axis ;  by  which  Means  they  will 
be  made  to  meet  at  different  Diflances  behind 
the  cryftalline  Humour ;  thofe  towards  its 
Extremity,  nearer;  and  thefe  near  its  Axis, 
at  a  greater  Diftance ;  fo  that  it  is  impoffible 
for  all  the  Rays  to  be  united  exactly  at  the 
fame  Point  upon  the  Retina  for  rendering  the 
Sight  diftindt ;  and  therefore,  to  prevent  this 
Inconveniency,  provident  Nature  has  very 
wifely,  towards  the  Centre  of  the  Crystalline, 
made  its  Subftance  more  denfe  and  folid,  that 
the  Rays  of  Light  that  fall  on  the  Cryftalline 
near  its  Axis  may,  in  paffing  this  Nucleus,  have 
their  Refradtion  increafed,  and  by  that  Means 
may  be  made  to  converge  more,  fo  as  to  meet 
at  the  fame  Point,  with  thofe  that  pafs  the 
Cryftalline  towards  its  Edge  or  Extremity. 

This  is  the  Reafon  why  the  Cryftalline  of 
all  Animals  is  more  folid  towards  its  Centre 
than  externally,  and  why  in  Fifties  this  Dif- 
ference is  fo  remarkable ;  for,  in  them,  this 
Humour  being  fpherical,  the  Rays  that  fall 
thereon,  at  fome  Difta nee  from  its  Axis,  by 
reafon  of  their  great  Obliquity,  would  be  made 
to  meet  at  a  greater  Diftance  from  the  Point 
of  Union  of  the  other  Rays,  that  pafs  near 
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its  Axis,  than  in  Land-animals,  who  have  this 
Humour  lenticular ;  -and  therefore,  to  prevent 
this  Inconveniency,  which  would  Jiave  ren- 
dered the  Sight  prodigiouily  indiftinct,  Nature 
has  provided  them  with  that  folid  Cryftal- 
line  in  the  Centre  of  the  other,  whofe  Den- 
fity  far  exceeds  that  of  the  Nucleus  of  Land- 
animals. 

§  5.  The  third  Difference  in  the  Eyes  of 
Animals,  is  that  of  the  Pupil ;  and  this  is 
either,  imo,  in  its  Figure;  or,  ido,  in  its  Mag- 
nitude. 

As  to  its  Figure,  we  have  formerly  ob~ 
ferved,  that  it  is  commonly  round  or  circular', 
as  in  Man,  Dogs,  Apes,  and  many  other 
Quadrupeds;  as  alfo  in  Birds  of  all  Kinds, 
and  the  greateft  Part  of  Fifhes ;  but  in  Oxen, 
Goats,  Horfe,  Sheep,  and  divers  other  Crea- 
tures, it  is  obiong  or  elliptical,  having  its 
greateft  Diameter  placed  tranfverfeiy  towards 
the  two  Angles  of  the  Eye. 

This  Difference  is  not  the  Effefl:  of  blind 
Chance,  but  of  that  wife  Council  and  Defign, 
which  Nature  always  employs  in  the  Formati- 
on of  all  the  Parts  of  Animals,  for  the  heft  Ends 
and  Purpofes ;  for,  in  Man,  and  ether  Crea- 
tures, who  have  occafioii  to  fee  on  all  Hands 
equally,  it  was  neceffary  that  their  Pupils 
fhould  have  a  round  Figure,  that  they  might 
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fee  Objects  above  and  below,  and  on  both 
Sides  with  the  fame  Facility ;  but,  in  Oxen, 
Sheep,  and  fuch  other  Creatures,  as  almoft 
always  go  feeking  their  Food  with  their  Heads 
bowed  down  towards  the.  Earth,  it  was  fuffi- 
cient  that  they  fhould  fee  Objects  immediately 
before  them,  and  on  each  Hand ;  and  there- 
fore their  Pupil  is  made  oblong,  that  it  may 
receive  the  Rays  of  Light  which  come  from 
Objects  on  either  Side ;  which  is  an  admirable 
Provifion  for  thefe  Creatures  to  fee  the  better 
laterally,  and  thereby  to  avoid  Inconveniences, 
as  well  as  help  them  to  gather  their  Food  on 
the  Ground  both  by  Day  and  by  Night.  And 
this  Figure  is  ftill  the  more  necefTary,  becaufe 
Dr.  Briggs,  in  his  Opinhalmograrphia,  {Cap. 
7.)  has  obferved,  that,  in  thefe  Creatures, 
their  Eyes  cannot  fo  eafily  be  turned  Side-ways, 
becaufe  of  the  Fat  which  ftraitens  them  in 
that  Motion  ;  for  which  Reafon  it  was  proper 
to  fupply  that  Defect,  by  making  the  Pupil 
oblong. 

§  6.  Another  remarkable  Difference  in  the 
Figure  of  the  Pupil,  may  be  feen  in  Cats,  in 
whom  this  Aperture  is  alio  oblong;  but  it  re- 
fembles  a  Fifiure,  not  tranfverfely  placed,  as  in 
the  Creatures  juft  now  named,  but  erect,  ha- 
x'm<?  its  largteft  Diameter  running  perpendicu- 
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Provifion  for  enabling  this  Creature  to  fee  beft 
upwards  and  downwards,  and  to  climb  to  and 
again  with  wonderful  Swiftnefs  and  Agility ; 
for  this  Creature,  being  to  live  chiefly  on  Rats 
and  Mice,  which  are  Animals  that  ufually 
climb  arid  run  upon  fteep  Places,  the  moil  com- 
modious Situation  of  their  Pupil  for  difco- 
vering  and  puriiiing  thefe  Objects,  is  the  per- 
pendicular. 

But  there  is  yet  another  remarkable  Ad- 
vantage this  Creature  receives  from  the  Figure 
of  its  Pupil,  and  that  is,  that  it  can  open  it 
wide,  and  fhut  it  up  clofe  ;  the  latter  of  which 
fcrveth  to  exclude  the  brighter  Light  of  Day, 
and  the  former  to  take  in  the  more  faint  Rays 
of  the  Night,  thereby  enabling  it  to  fee  and 
catch  its  Prey  both  by  Day  and  Night. 

§  7.  For  underftanding  this  beautiful  Mecha- 
nifm,  See  Pl  at e  I.  Fig.  1 1 .  where  ABCD  is  the 
Pupil  in  its  dilated  State,  the  narrow  Slit  AC 
the  Pupil  in  its  contracted  State,  A  and  C  two 
Points  in  the  Pupil,  which  are  fuppofed  fix- 
ed and  immoveable,  the  Parallel  Prickt-lines 
BD,  EF, '  <&c.  Fibres  of  the  Uvea,  which  are 
ftretched  by  the  Contraction  of  the  Pupil,  and 
which,  by  their  elaftic  Contraction,  dilate  the 
Pupil,  when  the  orbicular  Fibres  ceafe  to  act; 
ABECFDA,  one  of  the  orbicular  Fibres  of 
the  Uvea  ferving.  to  contract  the  Pupil. 

Now, 
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Now,  fuppofing  thefe  orbicular  Fibres  in  their 
contracted  State  to  become  a  third  fliorter  than 
when  relaxed,  which  is  the  Degree  of  Con- 
traction that  is  commonly  allowed  to  Mufcles, 
it  is  obvious,  that  the  Fibres  ABEC,  ADFC, 
will,  when  contracted  to  their  utmoft,  coincide 
with  the  Diameter  of  the  Pupil  AC,  by  which 
means  the  Pupil  will  be  quite  fhut  up,  and  if 
they  be  lefs  contracted,  the  Pupil  will  then 
form  a  long  Slit,  whofe  Widenefs  will  be  final- 
ler  or  greater,  according  as  the  orbicular  Fi- 
bres are  more  or  lefs  contracted;  and  if  they 
are  not  at  all  contracted,  the  Pupil  will  then, 
by  the  elaftic  Contraction  of  the  parallel  Fi- 
bres of  the  Uvea,  be  made  to  dilate  ftill  more, 
and  by  dilating  will  re-affume  its  large  circular 
Form ;  for  the  natural  State  of  the  Pupil  is  a 
State  of  Dilatation ;  and  I  have  obferved  that 
Cats,  after  Death,  have  the  Pupil  exceeding 
large  and  circular. 

By  this  Mechanifm,  Cats  are  enabled  to 
contracft  their  large  circular  Pupils  into  a  long 
narrow  Slit,  and,  by  fhutting  their  Eye-lids, 
they  can  fo  clofe  this  Slit,  as  to  admit,  as  it 
were,  only  one  fingle  Ray ;  and,  by  throwing 
all  open  again,  they  can  take  in  all  the  faint- 
eft  Rays ;  which  is  an  incomparable  Provifi- 
on  for  this  Animal,  who  has  occafion  to  watch 
and  way-lay  its  Prey,  both  by  Day  and  Night, 
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and  to  Climb.  And  this  Mechanifm  mufl 
alfo  take  place  in  all  other  nocturnal  Animals, 
excepting  fbch  as  cannot  bear  the  Light  of 
Day;  as  will  appear  from  what  is  immediate- 
ly to  follow. 

§  8.  The*  other  remarkable  Difference  in 
the  Pupil  of  Animals,  is  its  Magnitude.  This 
is  chiefly  remarkable  in  the  Eyes  of  nocturnal 
Animals,  fuch  as  the  Owl,  Bat-bird,  &c.  and 
it  is  principally  from  this,  that  they  are  en- 
abled to  fee  by  Night;  for  the  Magnitude  of 
the  Pupil  in  thefe  Creatures  lets  in  a  fufficient 
Quantity  of  Light,  even  by  Night,  when  it  is 
faint  and  weak  ;  but,  in  Day-light,  the  Quan- 
tity is  too  great  to  be  fuffered ;  and  therefore, 
not  being  able  to  bear  it,  they  retire  to  fome 
dark  Place,  where  they  repofe  themfelves  by 
Day,  as  other  Animals  do  by  Night;  for, 
in  them,  it  is  otherwife  than  in  Cats,  who 
can  fee  both  by  Day  and  Night.  Their 
Pupil  is  circular  without  any  fixt  Points  in 
it,  and  therefore  it  mufl  contract  equally  all 
round  :  But  the  circular  Fibres  which  ferve 
to  contract  it,  as  they  cannot  contract:  more 
than  a  Third  of  their  Length,  they  can  only 
reduce  the  Diameter  of  the  Pupil  from  3  to  2 ; 
and  therefore  the  Pupil  itfelf,  in  its  mod  di- 
lated State,  will  be  to  the  Pupil  in  its  mod  con- 
tracted State,  as  the  Square  of  3  to  the  Square 
of  2,  that  is,  as  9  is  to  4.     But  if  they  can 
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fee  by  Night,  when  the  Magnitude  of  the  Pu- 
pil is  only  equal  to  9,  it  is  obvious,  that  more 
Light  mull  enter  the  Eye  by  Day,  when  the 
Pupil  is  equal  to  4,  than  they  can  poffibly 
bear.  And  this  fhews,  that  no  Creature  ha- 
ving a  circular  Pupil  can  fee  perfectly  right 
both  by  Day  and  Night;  but  thefe  nocturnal 
Creatures  having  no  occafion  to  fee  by  Day, 
it  was  fufficient  that  their  Eyes  fhould  be  lb 
formed,  as  to  enable  them  to  fee  by  Night, 
which  maybe  more  ufeful  to  them  :  And  this 
Nature  hath  taken  effectual  care  of,  by  the 
Tranfparency  of  the  Humours  of  the  Eye,  the 
Delicacy  of  the  Retina,  and  the  uncommon 
Magnitude  of  the  Pupil. 

§9.  The  fourth  and  laft  Thing  in  the  Make 
of  the  Eyes  of  different  Creatures,  wdiich  we 
have  propofed  to  explain,  is  the  Marj upturn 
Nigrum  or  black  Purfe,  peculiar  to  Birds,  and 
which  is  never  to  be  found  in  any  other 
Creature. 

In  the  Account  we  have  given  of  the 
Structure  of  the  Eye,  wTe  obferved,  that,  in  the 
Eyes  of  Birds,  there  is  a  certain  Part,  in  Form 
of  a  Purfc,  which  afifes  from  the  Entry  of  the 
optic  Nerve,  and  paffes  thro'  the  vitreous  Hu- 
mour to  its  Infertion  in  that  Part  of  the  Edge 
of  the  Cryftalline,  which  is  next  the  great 
Canthus.  This  Part  is  always  covered  with  a 
black  Pigment,   which  is  of  a  more  intenfe 
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Colour  than  either  that  of  the  Uvea  or  Choroi- 
des;  whence  it  is  that  Mr.  Perrault,  and  the 
other  French  Academifts,  conjecture,  that  its 
only  Ufe  is,  to  affiil  the  Choroides  and  Uvea, 
in  preparing  the  Nourifhment  that  goes  to  the 
Humours  of  the  Eye,  which,  by  reafon  of  the 
tranfparent  Purity  that  is  requifite  for  them, 
mud  have  an  Aliment  very  pure,  and  wholly 
exempt  from  the  grofs,  earthy  and  black  Parts 
by  which  Bodies  are  rendered  opaque  ;  for  thefe 
Parts  which  may  be  called  the  Lees  of  the 
Blood,  are  feparated  therefrom,  and  retained 
in  the  Choroides  and  Purfe  of  the  optic  Nerve, 
which  therefore  are  always  fuliied  and  blacken- 
ed therewith. 

That  this  Bow  ft  Noir,  as  the  French  call  it, 
affifts  the  Uvea  and  Choroides  in  the  Separation 
and  Reception  of  the  black  Parts  of  the  Blood, 
that  the  Humours  of  the  Eye  may  be  prefer- 
ved  more  pure  and  tranfparent,  we  think  is 
beyond  Difpute;  and  that  for  thefe  Rea- 
ions  : 

1  mo,  Becaufe  this  Membrane  is  never  found 
in  any  Creature  but  Birds,  and  that  becaufe,  of 
all  Creatures,  Birds  have  occafion  for  the  beft 
Sight,  by  reafon  their  Flight  places  them  at  a 
confklerable  Diftance  fromObjech  which  they 
ought  to  fee. 
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ido,  Becaufe,  according  as  Birds  have  oc- 
cafion  for  a  more  or  lefs  piercing  Sight,  this 
Part  is  always  proportionally  of  a  more  or  lefs 
intenfe  black  Colour.  Thus,  in  Eagles,  and 
other  Birds  of  Prey,  it  is  always  covered  with 
more  of  this  black  Mucus  than  in  our  do- 
meftic  Birds  which  either  do  not  fly,  or 
do  not  fly  fo  high,   fuch    as   Geefe,    Hens, 

pioy  Becaufe  in  the  Demoifelle  of  Numidia, 
that  llrange  dancing  or  Buffoon-Bird,  which 
is  the  celebrated  and  wonderful  Otus  of  the  An- 
tients,  and  wrhich,  by  reafon  of  certain  Ways 
of  affing,  wherein  it  feems  to  imitate  the  Ges- 
tures of  a  Woman,  who  affe&s  a  Grace  in  Walk- 
ing and  Dancing,  has  of  old  by  Aristotle 
been  named  Actor  or  Comedian ;  I  fay,  in  this 
Bird,  which  is  the  only  one  wherein  the  French 
Academifts  found  this  black  Purfe  wanting,  the 
Choroides  is  a  great  deal  blacker  and  thicker 
than  ordinary,  as  if  the  whole  Dregs  of  the 
Blood,  which  in  the  Eyes  of  other  Birds 
ihould  be  retained  in  the  Choroides  and  black 
Purfe,  had  here  been  collected  into  the  Choroides 
alone. 

§  10.  Thefe  are  the  Reafons  that  determine  us 
to  agree  with  Monf.  Perrault  and  the  other 
French  Academifts,  in  thinking  that  the  Ufe  of 
this  Partis  to  preferve  that  Tranlparency  in  the 

Humours 


Chap.  I.  the  Eye  in  different  Animals ;  &c.     375 

Humours  of  the  Eye  fo  neceffary  for  Vifion ; 
tho'  at  the  fame  time  we  are  of  opinion,  that 
it  has  yet  another  Ufe  no  lefs  coniiderable  ; 
which  I  f hall  now  explain. 

Every  Body  knows,  that  in  Birds  their  Eyes 
are  not,  as  in  Man,  Dogs,  and  fuch  other 
Creatures  as  look  the  fame  Way  with  both 
Eyes,  placed  in  the  Fore-part  of  their  Head, 
but  fo  much  towards  the  Sides  thereof,  as 
makes  it  impoffible  for  them  to  direct  both  of 
them  to  the  fame  Object :  Neither  does  this 
Situation  of  their  Eyes  ever  allow  them  to  be 
turned  towards  an  Object  placed  ftraight  be- 
fore them.  Hence  it  is,  you  fhall  frequently 
obferve,  that,  when  any  Bird  wants  to  fee  an 
Object  that  is  ftreight  before  it,  it  does  turn  the 
Side  of  its  Head  that  Way,  that  the  Rays  of 
Light  may  fall  directly  upon  its  Eye.  But 
then  their  Sight  muft  in  fome  Degree  be 
weaker,  becaufe  the  Object  is  only  feen  with  one 
Eye. 

Now,  this  being  underflood,  it  is  eafy  to 
fee,  that  without  this  Marfupium  Nigrum,  it 
would  have  been  impoffible  for  Birds  to  fee 
their  Food  wherewith  they  are  nourifhed ;  be- 
caufe the  Rays  of  Light  that  come  from  an 
Object  placed  near  the  Extremity  of  their  Bill, 
would,  in  falling  obliquely  upon  their  Eyes, 
have  rendered  their  Sight  prodigioufly  0011- 
.    »  fufed 
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fufed  and  imperfect;  juft  as  the  Image  of  a 
Candle  or  other  Objed:  is  confufed  when  made 
by  a  Lens  placed  obliquely;  for  the  Picture 
call  on  the  Paper  is  always  more  and  more 
confufed,  in  proportion  to  the  oblique  Pofition 
of  the  Lens  thro'  which  the  Light  paffes ;  and 
therefore,  to  prevent  this  Defedt  in  the  Sight 
of  Birds,  Nature  has  very  wifely  provided  them 
with  this  Part,  wliich  being  of  a  mufcular 
Subftance,  does,  by  its  Contraction,  draw  the 
Edge  of  the  Cryftalline  next  the  great  Canthus 
towards  the  Bottom  of  the  Eye,  and  render 
its  Situation  fuch,  as  the  Rays  of  Light  which 
come  from  Objects  placed  directly  before  them, 
and  towards  the  Extremity  of  their  Bill,  may 
fall  upon  it  more  perpendicularly ;  which  was 
abfolutely  necelTary  for  rendering  Villon  more 
diftina. 

This  is  an  admirable  and  truly  furprifingly 
beautiful  Piece  of  Mechanifm,  for  Perfecting; 
the  Sight  of  thofe  Animals  that  cannot  turn 
their  Eyes  to  Objects  ftraight  before  them. 
And,  to  confirm  this  Opinion,  it  may  be  worth 
while  again  to  obferve,  that  this  Bourfe  Noir, 
as  the  French  call  it,  tho'  it  be  tinged  black 
like  the  Cboroidcs,  yet,  if  it  be  wafhed  and 
cleaned,  it  appears  to  be  compofed  of  muf- 
cular Fibres,  not  unlike  the  Ligamcntum 
Ciliare.     Nor  is  it  any  folid  Objection  to  this, 

fuppofing 
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fuppofing  that  this  Membrane  fhould  not  always 
be  found  inferted  into  the  Cryftalline ;  for  it 
being  fo  firmly  fixed  unto,  or  embodied  in  the 
vitreous  Humour,  that  the  vitreous  Humour 
hangs  firmly  to  it,  and  is  not  fo  eafily  parted 
from  it,  all  the  Motions  of  this  Membrane 
are  eafily  communicated  to  the  vitreous  Hu- 
mour, and  by  confequence  to  the  Cryftalline, 
which  is  connected  to  it. 


T  R  E  A  T    I    S   E 

O  N     T   H   E 

Eye,  the  Manner  and  Pheno- 
mena of  V  i  s  i  o  N. 

book  v. 

Of  the  Phenomena  of  Vifion. 

CHAP.     I. 

Of  the  Jingle  Appearance  of  Objefis. 

HAVING  difpatched  what  we  thought 
neceflary  for  underftanding  the  Fabric 
of  the  Eye,  the  Nature  of  Light,  the 
Manner  of  Vifion,  the  Ufe  of  the  feveral  Parts 
of  the  Eye,  and  the  Neceffity  of  its  different 
Conformations  in  different  Animals ;    I  fhall 

now 


280  Of  the  fingk  Appearance  ofObjeffs.  BookV. 

now  proceed  to  the  laft  Part  of  the  Theory 
of  this  Organ,  which  was,  to  account  for  the 
various  Phenomena  of  Vifion.  This  is  indeed 
a  veiy  curious  and  entertaining  Subject ;  but, 
being  very  copious  and  fertile,  it  would  require 
more  Time  than  what  I  can  at  prefent  fpare ; 
and  therefore,  that  I  may  haften  to  a  clofe,  I 
fhali  only  take  notice  of  fuch  Phenomena  as  are 
mod  common  and  obvious,  and  which  no 
body  ought  to  be  ignorant  of. 

§  i.  The  firft  Phenomenon  I  ihall  account 
for,  is  the  fmgle  Appearance  of  Objects  feen 
with  both  Eyes. 

Why  Obje&s  feen  with  both  Eyes  do  not 
appear  double,  is  a  Problem  that  has  employed 
the  Genius  and  Invention  of  the  greateft  Men 
in  all  Ages.  Gassendus  and  Porta  found 
fuch  Difficulty  in  reconciling  this  Appearance 
with  the  ordinary  Principles  of  Philofophy  and 
•and  Optics,  that  they  have  been  forced  to 
fuppofe,  that  tho'  both  Eyes  are  open,  yet  : 
we  only  fee  with  one  at  a  Time.  But  this 
being  obvioufly  contrary  to  common  Ex- 
perience, ferves  more  as  an  Example  to 
fhew  what  furprifing  Lengths  Fancy  may  car- 
ry even    the   greateft   Men,  than  fatisfy  the 


curious.  * 


§    2. 

*  Gassendus  gives  this  ftrange  Reafon  why  an  Object  is  not 
feen  by  both  Eyes  at  once.;  becaufe,  fays  he,  an  Object  viewed 
firft  with  one  Eye  alone,   and  then  with  the  other,  appears  to 

cover 
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§  2.  Galen  imagined,  that  this  Angle 
Appearance  of  Objects  proceeds  from  the 
dole  Coalition  of  the  optic  Nerves  behind  the 
Os  SphcnoidsSy  and  teems  to  triumph  in  the 
Difcovery,  as  if  he  had  found  out  a  fine  Rea- 
fon  why  our  optic  Nerves  are  thus  united 
[Lib.  10.  de  Offic.  Tart.  cap.  14.)  In  this  he 
is  followed  by  a  great  many  Philofophers,  as 
well  as  Phyficians,  tho'  they  are  much  divided 
among  themfelves  in  their  Manner  of  ex- 
plaining it.  Galen  himfelf  had  Recourfe  to 
a  Communication  of  Pores,  and  followed  the 
Doctrine  of  Kerophilus,  in  giving  to  each 
Nerve  one  Pore,  which  he  made  to  communi- 
cate at  the  Conjunction  of  the  Nerves.  But 
as  this  Communication  of  Pores  is,  by  our  beft 
Anatomifts,  now  looked  on  as  mere  Hypothecs* 
that  has  no  Foundation  in  Nature;  fo  it  is 
altogether  infufficient  for  folving  the  Problem ; 
tho',  in  place  of  one  Pore,  each  Nerve  fhould, 
agreeable  to  the  more  modern  Notion,  be  al- 
lowed* to  have  as  many  of  them  as  there  are 
nervous  Fibres ;  as  fame  of  the  followers  of 
Galen  have  indeed  fuppofed. 

Vol.II.  N    n  §  3, 

cover  different  Places  of  a  diftant  Wall;  therefore,  if  the  ^w 
of  both  Eyes  were  together  directed  to  the  ObjedT:,  boththofs 
Parts  of  the  Wall,  if  not  the  whole  Interva',  ought  to  be  hid. 
(De apparente  Magnitudine  Solis  bumilh  et  fuhlimis.  Epiji.  z.  art.  1 7. 
fag.  52.)  But  this  is  fo  obvious  an  Abfurdit.y,  that  k  deferves  no 
Anfwer:  Yet  the  Learned  Tacquet  had  fo  little  confidered 
the  Operation  of  ihe  Eye,  as  to  fubferibe  to  this  abfurd  AfP-rti- 
on  of  Gassendus,  that  the  Axes  of  both  Eyes  are  never  di- 
reded  to  the  fame.Objeft,  [Optic.  Ub.i.  Prop.  2). 
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§  3.  Our  juftly  eminent  Sir  Isaac  New- 
ton (in  the  Queries  annexed  to  his  Optics) 
accounts  for  it  thus ;    "  Are  not  the  Species 
"  of  Objefts  feen  with  both  Eyes  united,  where 
f  the   optic   Nerves  meet   before  they  come 
"  into  the  Brain,  the  Fibres  on  the  Right- 
"  fide  of  both    Nerves  uniting  there,    and, 
"  after  Union,  going  thence  into  the  Brain  in 
"  the  Nerve  which  is  on  the  Right-fide  of  the 
"  Head  ;    and  the  Fibres  on  the  Left-fide  of 
"  both  Nerves  uniting  in  the  fame  Place,  and, 
"  after  Union,    going  into   the  Brain  in  the 
"  Nerve   which    is   on   the  Left-fide  of  the 
"  Head :    And  thefe  two  Nerves  meeting  in 
"  the  Brain,  in  ftich  Manner  that  their  Fibres 
"  make  but  one  intire  Species  or  Pidture,  Half 
"  of  which,  on  the  Right-fide  of  the  Senforium, 
"  comes  from  the  Right-fide  of  both  Eyes, 
tf  thro'  the  Right-fide  of  both  optic  Nerves, 
"  to  the  Place  where  the  Nerves  meet,  and 
"  from  thence  on  the  Right-fide  of  the  Head 
?f  into  the   Brain ;    and  the   other  Half,  on 
"  the  Left-fide  of  the  Senforium,    comes*  in 
"  like    Manner  from  the   Left-fide   of  both 
"  Eyes." 

This  is  indeed  the  moft  beautiful  and  inge- 
nious Explication  of  the  Manner  how  an  Ob- 
ject appears  fingle  from  the  Coalition  of  the 
optic  Nerves  that  ever  appeared ;  and,  to  render 
it  ftill  more  probable,  the  fame   great  Man 

obferves, 
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obferves,  "  That  the  optic  Nerves  of  fuch 
"  Animals  as  look  the  fame  way  with  both 
"  Eyes,  (as  of  Men,  Sheep,  Dogs,  Oxen,  <&c.) 
"  meet  before  they  come  into  the  Brain; 
"  but  the  optic  Nerves  of  fuch  Animals  as 
"  do  not  look  the  fame  way  with  both 
"  Eyes  (as  of  Fifties,  and  of  the  Cameleon) 
"  do  not  meet." 

Thefe  Reafons  do  indeed  render  his  Hy- 
pothefis  very  probable;  yet  there  are  others 
fo  demonftrative  of  the  contrary,  that  it  is 
not  to  be  doubted,  but,  had  they  been  known 
to  Newton,  he  had  retraced  his  Opinion, 
efpecially  fmce  the  Thing  admits  of  an  eafy 
Solution,  without  any  fuch  Suppofition:  For, 

§  4.  Altho'  the  optic  Nerves  are  united  at 
the  Sella  Turcica,  yet  this  happens  without  a- 
ny  Confufion  or  Decuffation  of  their  Fibres. 
It  is  indeed  true,  that  their  Conjundion  is  fo 
clofe,  that  their  Subftances  feem  to  be  con- 
founded ;  yet  there  are  feveral  Obfervations 
which  prove  that  they  are  united  only  by  a 
clofe  Conjunction,  without  any  DecuiTation, 
Interfedlion,  Mixture  or  Confufion  of  Sub- 
fiance;  of  which  I  fhall  only  mention  two; 
the  one  is,  from  the  accurate  and  faithful 
Anatomift  Vesalius.  His  words  are  : 
Porro  Us  qui  de  congre/fu  hoc  meatuque  acriter 
citra  Partium  in^peclionem  indies  altercantztr,  non 

vravabor 
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gravabor  duo,  quae  in  congrefu  animadverti,  hie 
adjicere,  quo  et  hinc  faarum  nugarum  habeant 
argumenta.  Patavii.  itaque  adolefcens  fufpendio 
necaius  public te  feclioni  adhibitii's  fait,  cut  ante 
annum  dexter  oculus  a  carnifce  erutus  filter  at :  de- 
inie  mulier,  eodem  Jupplicio  affecla,  nobis  obtigit, 
cui  dexter  quo  que  oculus  ab  ineunte  at  ate  cmar- 
cuerat,  finifro  interim  integer,' imo.  >Mulieri 
dexter  nervus  toto  progreffu  longc  tenuior  (iniflro 
vifebatur,  non  folum  extra  caharice  capital  em, 
verum  in  exortu  quo  que,  et  in  dextra  congrcjjus 
nervorum  fede.  Ac  prater quam  quod  dexter  tenuis 
erat,  durior  quoque  et  rubicundior  cemebatur,  uti 
fane  et  in  adolefcente :  Sed  dexter  non  admodum, 
jieque  craftie,  rieqne  mollitie  adhuc  finifiro  cedc- 
bat.      (De  Corp.  Hum.  Fabrica,  Lib.  iv.  c.  4. ) 

The  other  Obfervation  Which  I  lliall  take 
notice  of,  is  from  Cje  salpinus,  whofe  Words, 
as  recorded  by  Rio l an  (Anthropograph.  Lib. 
iv.  cap.  2.)  And  Diemerbroek  (Anatom. 
Corp.  Human,  Lib.  iii.  cap.  8.)  are  as  follows  : 
Repertus  ejl  aliquando  in  anatome  alter  ex  nervis  vi- 
foriis  attenuatus,  alter  plenus :  Vifus  autem  crat 
imbecillis  in  oculo  ad  quern  nervus  extenuatus  f  re- 
bat  ur  /'  h  admit  enim  vtdnus  in  capite  circa  e  and  cm 
partem  :  nervus  autem  extenuatus  non  ad  oppofitam 
partem  procedebat,  fed  ad  eandem  Ikllebatur. 
Vifum  hoc  eft  Pifls,  anno  1590  :  IJnde  omnes 
fpeUatores  argument  urn  id  certum  exifiimaroemnt, 

ncrvos 
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nervos    viforios    nequaqnam    fe    intcrfecare,   fed 
coire,  et  regredi  ad  eandem  partem. 

From  thefe  and  fuch  like  Obfervations,  it 
plainly  follows,  that  our  optic  Nerves  do 
not  interfedt  each  other,  nor  mix  and  con- 
found their  Subftances,  but  are  only  united 
by  a  clofe  Gohefion,  contrary  to  what  the  Opi- 
nion of  Newton  and  the  Galenists  fup- 
pofes. 

§  5.  But  this  is  not  all ;  for,  fuppofing  our 
optic  Nerves  to  be  united  in  what  Manner 
they  pleafe ;  yet,  that  the  fingle  Appearance 
of  Objects  fecn  with  both  Eyes  does  not  de- 
pend on  this  Union,  fcems  evident  from  ano- 
ther Obfervation  of  the  fame  Vesalius, 
which,  being  a  little  uncommon,  I  fhall  alfo 
fet  down  at  Length  in  the  Author's  own  Words : 
His  ilk  accejfit  (fays  he,  fpeaking  of  the  for- 
mer Obfervations)  cujus  nervos  viforios,  Mo  de 
quo  hie  fermo  eft  cougrejfu,  invicem  non  connafci, 
neque  jhfe  contingere,  vidimus ;  fed  dexter  non  nihil 
edfede,  qua  calvariam  egrejfurus  fuerat,  fmiftror- 
fum,  et  fmifter  non  nihil  dextr or farn  refleclebatur, 
quafi  non  coalitus  occaflone  nervi  congrederentur, 
verimi  ut  commode  per  fuum  foramen  e  calvaria 
prociderent ;  potiffimum,  quwn  etiam  hoc  dudu 
proyedientes,  in  oadi  pofterioris  fedis  medium  non 
infer  antm\  Quam  fedulo  autem  ac  foil i cite  ejus 
viri,  cui  in  eum  rnodum  net  vi  dehifcebant,  fami- 
tiares,  nam  Mi  omnia  gemina  petpetuo  oculis  ob- 

verjarcntur, 
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verfarentur,  interrogaverimns,  neminem  naturae 
operum  cognitione  flagrantem  ambigere  fat  fcio  ; 
at  nihil  aliud  refcifcere  limit y  qttam  ipfnm  de  vifii 
nunquam  conqueftumfiiiffe,  vifuqite  pr eft  ante fimp  er 
valui[fe9familiarefque  de  viforum  duplication  nihil 
unqnam  intellexiffe.  Seeing  then  that  Objedts 
have  appeared  fmgle  to  fuch  as  had  their  optic 
Nerves  disjoined,  it  muft  be  allowed,  that 
this  Phenomenon  depends  on  fomething  elfe 
than  the  Coalefcence  or  Decuffation  of  thefe 
Nerves. 

§  6.  Others,  therefore,  laying  afide  all  the 
Hypothefes  that  are  founded  upon  any  Co- 
alefcence, Contact,  or  Croffing  of  the  optic 
Nerves,  have  fought  for  the  Caufe  of  this 
Phenomenon  in  a  certain  Sympathy  betwixt 
them. 

To  explain  this  Sympathy,  Mr.  Rohault 
(Phyftc.  Part.  I.  cap.  31.)  fuppofes,  that  in 
each  Nerve  there  are  juft  as  many  Fibres  as  in 
the  other;  and  that  the  correfponding  Fibres 
of  both  Nerves  are  united  in  the  fame  Point 
in  the  Senforhim;  e.  g.  Suppofe,  as  in  Tab.  II. 
Fig.  1 2.  the  Nerves  compofed  of  five  Fibres, 
whofe  Extremities  in  the  Right-eye  are  A, 
B,  C,  D,  E,  and  in  the  other  #,  b9  c,  d,  e  ;  the 
correfponding  Fibres  Aa,  Bb9  Cc,  Diand  Ee,  are 
fuppofed  to  meet  in  the  Senforhim  S,  in  the 
Points  a,  $,  k,  J;  b.  Hence,  if  both  Eyes  are 
directed  to  F,  its  Image  will  fall  on  the  Re- 

tina 
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tiyia  at  the  optic  Axes,  and  there  ftrike  the 
fympathifmg  Fibres  C  and  c :  which  Motion 
being  propagated  to  the  fingle  Point  of  the 
Senforium  *,  mud  there  make  but  one  Species 
or  Pi&ure.  In  like  manner,  the  Eyes  retaining 
the  fame  Direction,  the  Image  of  the  Point 
G  will  fall  upon  the  Right-fide  of  both  Eyes, 
and,  by  ftriking  the  correfponding  Fibres  E 
and  e,  will,  in  the  Senforium,  make  but  one 
Impreffion  at  «,  where  thefe  Fibres  terminate ; 
and  the  Image  of  the  Point  H,  by  ftriking 
the  correfponding  Fibres  A  and  a,  will,  in 
the  Senforium,  make  but  one  Imprefficn  at 
*.  And  thus,  though  both  Eyes  receive  the 
fame  Impreffions  from  Obje&s,  yet  they  are  not 
feen  double,  becaufe  of  thefe  two  Impreffions 
or  Images^  one  is  only  formed  in  the  Senfo- 
rium. 

But  neither  has  this  Hypothefis,  however 
fpecious,  any  Foundation  in  Nature ;  for  if, 
with  des  Cartes,  we  fuppofe  the  Glandula 
Pinealis  to  be  the  Senforium,  or  chief  Seat  of 
the  Soul,  Anatomy  teaches  us,  that  the  Nerves 
are  not  inferted  into  it;  and  if,  with  Wil- 
lis, we  fhould  place  the  Senforium  in  the 
Corpora  Striata,  or  any  other  Part  of  the  Brain, 
thefe  being  double  and  alike  in  both  Sides, 
can  never  make  one  individual  Senforium,  in 
which  all  the  correfponding  analogous  nervous 
Fibres  are  united. 

§7- 
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§  7.  The  judicious  Dr.  Briggs  (as  may 
be  feen  at  large  in  the  Philofophical  Tranf- 
aclions,  and  in  his  Nova  Vifwnis  Theoiia, 
annexed  to  his  Ophthahnographia)  has  invented 
another  Hypothefis  for  explaining  this  flip- 
pofed  Sympathy  of  our  Eyes,  without  having 
Recourfe  to  any  Meeting,  Communication  or 
Conjunction  of  the  nervous  Fibres  in  the  Sent 
Jorium.  He  fuppofes,  that  the  optic  Nerves 
con.fiit  of  homologous  Fibres,  which  have 
their  Rife  in  the  Thalami  Ncrvo?~um  Opticorum, 
and  are  thence  continued  to  both  Retinae,  and 
that  thefe  Fibres  have  the  fame  Situation* 
Difpofition  and  Tenfion  in  both  Eyes;  e.-g. 
He  fuppofes,  that  the  Fibres  going  to  the 
upper  Part  of  the  Reiin<z  have  a  greater 
Degree  of  Tenfion ;  thofe  going  to  the  under 
Part,  a  fmaller  Degree  of  Tenfion ;  and  thofe 
going  to  the  correfponding  Sides,  correfpond- 
ing Degrees  of  Tenfion,  and  fo  forth ;  -  and 
confequently,  fays  he,  when  an  Image  is  painted 
on  the  correfponding  Parts  of  each  Retina, 
the  fame  Effects  are  produced,  the  fame  Notice 
or  Information  is  carried  to  the  Thalamus,  and 
fo  imparted  to  the  Soul,  or  judging  Faculty  ; 
for  the  homologous  and  correfponding  Fibres 
of  both  Retime,  upon  which  the  Image  falls, 
having  the  fame  Degree  of  Tenfion,  may  be 
conceived  as  Cords  of  two  mufical  Inftru- 
ments  in  Concord  and  Unifon,  which,   from 

the 
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the  Impreffions  of  Light  are  put  into  the 
fame  Vibrations  ;  fo  that  the  Mind  can  have 
but  one  Senfation  from  the  fame  Object, 
fmce  the  two  Impreffions  are  re-united  in  one 
by  the  fimilaf  and  like  Difpofitioii  of  the 
Fibres  of  the  two  Nerves,  which  do  fo  corre- 
fpond  with  each  other,  and  which  have  fuch 
a  Conformity  and  Similitude  in  their  Vibrati- 
ons, that  the  Soul  cannot  hinder  itfelf  from 
identifying  the  two  Impreffions  which  it  re* 
ceives  therefrom. 

This  is  the  Subftance  of  Dr.  Brigg's  Hy- 
pothecs; to  confirm  which,  he  flies  to  Ex- 
perience and  Obfervation,  pretending  that  this 
Variety  of  Tenfion  in  our  nervous  Fibres  is 
owing  to  their  greater  or  lefter  Flexure  in  the 
Tbalami,  which,  he  fays,  is  manifeft  to  the 
naked  Eye;  and,  finding  that  the  Fibres  on 
the  Infide  of  both  Thalami  agree  in  Flexure, 
as  alio  thofe  on  the  Out-fide,  &c.  he  con- 
cludes, that  they  agree  alfo  in  Tenfion,  and 
confequently  fympathize  by  a  Similitude  in  their 
Vibrations. 

§  8.  But,  unluckily  for  the  Author,  this 
curious  Obfervation  of  his,  is  fo  far  from  con- 
firming his  Hypothefis,  that  it  quite  undermines 
it;  for  all  Objects  a  little  to  a-fide  of  the  Con- 
courfe  of  the  optic  Axes,  would  then  appear 
double,  by  being  painted  on  diffimilar  Parts 
of  the  Retina;    whereas,    had   he   laid    afide 

Vol.  II.  O  o  his 
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his  Obfervation,  and,  with  Newton,  Ro- 
hault,^.  contented  himfelf  in  fuppofmg, 
that  the  Fibres  on  the  Infide  of  one  Eye 
fympathize  with  the  external  Fibres  of  the 
other,  his  Hypothefis  had  not  been  chargeable 
with  this  Abfurdity,  tho*  even  then  many 
Reafons  are  not  wanting  for  rejecting  it ;  as 
1.  It  is  a  very  difficult  Matter  to  conceive, 
how  the  foft,  tender  and  delicate  Fibres  of  the 
Retime  and  medullary  Part  of  the  optic  Nerves 
can,  without  breaking,  fuffer  that  ftrong  Tenfi- 
011  which  feems  necelTary  to  qualify  them  for 
being  put  into  thofe  vibrating  Motions  in 
which  he  makes  Vifion  to  confift.  And  it 
is  more  probable,  that  the  Impredions  made 
upon  our  Organs  produce  an  Undulation  and 
Reflu&uation  of  the  Spirits,  or  of  Newton's 
Materia  Subtilis  in  the  nervous  Fibrils,  which 
reaching  the  Senforium,  gives  us  the  Ideas 
of  Obje&s,  than  that  thefe  Ideas  fhould  be 
excited  by  the  Vibrations  of  the  nervous  Fibres 
themfelves.  This  I  might  eafily  evince  from  a 
great  many  Arguments,  which  I  mult  not  now 
mention,  becaufe  they  would  carry  us  too  far 
out  of  our  Road,  and  efpecially  becaufe,  tho'  we 
allow  all  Senfation  to  proceed  from  the  Vibrati- 
ons of  our  nervous  Fibres,  yet  this  does  not 
appear  Sufficient  to  eftablifh  his  Hypothefis. 
For, 

2.  Sup- 
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2.  Suppofing  all  Senfation  to  proceed  from 
Vibrations  excited  in  the  nervous  Fibres,  and 
that  thefe  Fibres,  in  the  analogous  and  cor- 
refponding  Parts  of  the  Retina,  have  the  fame 
Degree  of  Tenfion,  e.  g.  flippofe  the  Tenfion 
of  the  fupciior  Fibres  of  both  Retina  to  be 
the  fame,  as  alfo  that  of  the  inferior,  but  that 
the  Fibres  which  terminate  in  the  fuperior 
Part  are  more  tenfe  than  thofe  that  go  to  its 
inferior  Part :  This  is  what  our  Author  fup- 
pofes.  Now,  according  to  this  Hypothecs, 
it  would  follow,  that  Vifion  would  be  more 
clear  and  ftrong  when  caufed  by  Rays  ftriking 
the  upper  Part  of  the  Retina,  than  when 
caufed  by  Rays  ftriking  its  inferior  Part,  where 
the  Fibres  being  lefs  ftretched,  muft  make  the 
Vibrations  more  languid  and  faint;  and  confe- 
quently  an  Object  placed  below  the  optic  Axis,, 
by  painting  its  Image  upon  the  fuperior  Part 
of  the  Retina,  would  appear  more  clear  and 
lively,  than  when  it  is  placed  above  it.  But 
this  is  contrary  to  all  our  Experience ;  and 
what  we  have  faid  of  the  fuperior  and  inferior 
Fibres,  holds  equally  in  all  the  reft :  For  Vi- 
fion being. every  where  uniform,  it  is  neceflary 
that  the  Fibres,  by  whofe  Vibrations  it  is  fup- 
pofed  to  be  occafioned,  fhould  be  every  where 
equally  ftretched. 

3.  If  the  Concord,  Harmony  and  equal 
Tenfion  of  the  Analogous  and  correfpondlng 
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nervous  Fibres,  were  the  Reafon  why  Objects 
feen  with  both  Eyes  appear  not  double,  it  is 
not  eafy  to  conjecture  why  this  Depravation  of 
Sight  does  not  happen  oftener  than  it  is  found 
to  do  in  Practice,  and  efpecially  in  fuch  as 
abound  with  feroiis  and  phlegmatic  Humours, 
and  whofe  Brain  is  moift  and  lax,  and  who 
thereby  are  difpofed  to  the  Gutta  Serena,  or 
iubjedt  to  Convulfions  and  other  nervous  Dii- 
■eafes;  for,  in  fuch,  the  Fibres  of  one  of  the 
optic  Nerves  may  eafily  happen  to  be  relaxed, 
while  the  correfponding  Fibres  of  the  other 
Nerve  ftill  retain  their  natural  Tenfion :  And, 
in  particular,  why  did  not  that  Woman, 
formerly  mentioned  from  Cm  s a l  p  i  n  u  s,  fee 
Objects  double,  fmce  one  of  the  optic  Nerves 
was  found  withered  and  emaciated,  while  the 
Other  remained  moift,  plump  and  juicy  as  be- 
fore r  Surely,  one  would  expeft  that  this 
could  not  have  happened  in  the  Nerves, 
without  affecting  the  Tenfion  of  their  Fibres, 
and  thereby  have  occafioned  Obje&s  to  appear 
double;  yet  no  fuch  Thing  happened;  for 
every  thing  appeared  fmgle  as  before,  only  the 
Sight  of  the  difeafed  Eye  was  more  faint  and 
obfcure  than  in  the  other.  From  which  it 
follows,  that  the  Caufe  of  this  Phenomenon  is 
to  be  fought  for.fomewhere  elfe,  than  in  the 
fimilar  Situation,  Dilpofition  and  Tenfion  of 
the  nervous  Fibrilk. 

§9- 
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§  0  The  true  caufe  why  Objeds  appear 
not  double  tho'  feen  with  both  Eyes,  to  me 
feems  wholly  to  depend  on  the  Faculty  we  have 
of  feeing  Things  in  the  Place  where  they  are. 
But,  to  explain  and  confirm  this,  I  mail 
premife  the  following 


LEMMA. 

§  10.  Every  Point  of  an  ObjeB  appears  and 
is  feen  -without  the  Eye,  nearly  in  a  Jlraight 
Line  drawn  perpendicularly  to  the  Retina  from 
that  Point  of  it  where  its  Image  falls. 

That  this  is  true,  we  may  gather  from 
many  Experiments.  The  following  is  very 
eafy  and  convincing : 

Suppofe  E  the  Globe  of  the  Eye,  furnifhed 
with  ail  its  Coats  and  Humours  (See  Plate  II. 
Fig.  13.  and  14.)  and  let  A  be  a  fmall  ObjecT:, 
fuch  as  the  Head  of  a  Pin,  whofe  Diftance  from 
the  Eye  muft  be  greater  or  lefs  than  "that  at 
which  an  Object  would  be  mod  diftinAly  feen 
when  viewed  with  the  naked  Eye ;  clofe  to  the 
Eye,  place  a  Card,  or  Piece  of  opaque  Paper, 
in  which  is  ^1  fmall  Hole  made  with  a  Pin, 
and  let  Q^T  reprefent  the  Card.  If  this  Hole 
be  fuppofed  at  x,  then  the  Ray  of  Light  Axn, 
falling  on  the  Retina  at  n,  will  there  paint  the 

Image 
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Image  of  the  fmall  Objedt  A,  and  make  it 
appear  in  the  vifual  Line  n  x  A,  which  is  per- 
pendicular to  the  Retina  at  the  Point  n.  But, 
if  the  Card  be  brought  lower,  fo  as  its  fm?..ll 
Hole  may  be  at  r,  the  Ray  of  Light  Ar, 
after  paffing  the  Hole,  will  be  refracted  in 
the  Eye,  fo  as  to  fall  upon  the  Retina  at  fome 
other  Point,  as  m ;  for  the  Objedl  A  bsing 
fuppofed  at  a  greater  or  leffer  Diftance  than 
that,  at  which  an  Objeft  may  be  moft  diftinft- 
ly  feen  with  the  naked  Eye,  all  its  Rays  that 
pafs  the  Pupil  muft  be  made  to  converge  to  a 
Point,  either  before  or  behind  the  Retina,  fuch 
as  o :  But  on  the  Retina  itfelf  they  muft  fall 
on  different  Points,  according  to  the  Situation 
of  the  Hole  thro'  which  they  pafs ;  for  the 
Eye  does  not  change  its  Conformation,  and 
adapt  itfelf  to  the  Diftance  of  an  Objed  view- 
ed thro'  a  perforated  Card,  as  it  always  does 
when  Objects  are  viewed  naked,  without  any 
fuch  Interpofition.  Now,  the  Object  A  feen 
thro'  the  Hole  r,  does  not  appear  in  its  real 
Place  A,  but  at  fome  other  Place,  as  B,  viz. 
in  the  Right-line  mB9  which  is  perpendicular 
to  the  Retina  at  the  Point  m;.  and  if  the  Card 
be  raifed,  fo  as  the  Ray  A  d  may  pafs  the 
Hole  at  d;  after  Refradtion,  it  will  fall  upon 
the  Retina  at  /,  and  the  Object  will  appear 
nearly  at  C  in  the  Perpendicular  ;C. 

In 


Chap.  I.  Oftheftngk  Appearance  of  Objects.  295 

In  like  manner,  if  the  Card  be  pierced  with 
three  fmali  Holes,  whofe  Diftance  does  not 
exceed  the  Diameter  of  the  Pupil,  as  in  d,  x 
and  r,  then  the  little  Object  A,  will  at  the  fame 
time  be  feen  in  three  different  Places  C,  A  and 
B,  and  muft  therefore  appear  multiplied  accord- 
ing to  the  Number  of  Holes ;  which  evidently 
proves,  that  the  Rays  that  flow  from  the  Ob- 
p£i  thro'  thefe  Holes,  fall  upon  different  Points 
of  the  Retina  ;  and  that  there  are  three  Lines 
drawn  perpendicularly  from  thefe  Points  in  the 
Retina,  in  each  of  which  the  ObjecT:  is  diftinct- 
ly  feen. 

We  might  here  obferve,  that  if  the  Object 
A  be  brought  to  that  precife  Diftance  from 
the  Eye  that  is  neceffary  for  uniting  all  its 
Rays  in  one  fingle  Point  of  the  Retina,  as  n? 
then  it  will  appear  fingle,  tho'  viewed  thro' 
feveral  Holes.  And  the  fame  Thing  muft  hap- 
pen tho'  the  middle  Hole  be  covered,  fo  as  no 
Rays  fall  upon  the  Eye,  but  what  pafs  at  the 
Holes  d  and  r,  towards  the  Extremities  of  the 
Pupil ;  for  thefe  Rays  being  united  in  the 
Retina  at  n9  the  Object  will  be  feen  in  the  vi- 
fual  Line  nxA,  tho'  no  Rays  pafs  that  Way. 
From  all  which,  it  is  evident,  that  every  little 
ObjecT:,  or  Point  of  an  ObjecT:,  appears  and 
is  feen  in  the  vifual  Line  drawn  perpendicular- 
ly to  the  Retina  at  that  Point  of  it  where  its 
Image  falls. 

To 
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To  make  this  Experiment  with  Exaetnefs, 
you  muft,  for  an  Object,  look  to  a  fmall  lu- 
minous Point  in  a  dark  Place,  iuch  as  a  little 
Hole  in  a  Card  placed  before  a  Candle,  or  eife 
you  muft  look  to  a  fmall  black  Object  placed 
on  a  white  or  luminous  Surface  ;  as  has  been 
obferved  by  Scheinfr  {Fundament.  Optic.) 
who  has  feveral  other  curious  enough  Observa- 
tions relative  to  this  Experiment.  Any  Trials 
I  had  occafion  to  make  fucceeded  well  e- 
nough,  with  a  Pin  placed  before  a  vvell  lighted 
Window. 

§  n.  It  is  from  this  Principle,  that,  when 
a  Man  in  the  Dark  rubs  the  under  Part,  or 
either  Corner  of  his  Eye,  with  his  Finger,  and 
turns  his  Eye  away  from  his  Finger,  he 
will  fee,  towards  the  oppofite  Side  of  the  Eye, 
a  Circle  of  Fiery  Colours,  like  thofe  in  the 
Feather  of  a  Peacock's  Tail ;  which  can  arife 
from  nothing  but  fuch  Motions  excited  in  the 
Retina,  by  the  PrefTure  aud  Motion  of  the 
Finger,  as  at  other  Times  are  excited  thereby 
Light  coming  from  the  oppofite  Side  for  caufmg 
Villon.  Whence  this  Experiment  may  be  of 
Ufe  in  diftinguifhing  a  Cataract  that  admits 
of  the  Operation,  from  one  that  is  compli- 
cated with  an  Amaurojis,  or  Paralyfis  and  In- 
fenfibility  of  the  Nerve  :  For  if  in  rubbing 
the  Eye  in  the  Manner  juft  now  mentioned, 
no  coloured  Circle  appears,  it  is  a  Sign  that 

the 
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the  Nerve  is  Paralytic,  and  that  nothing  is  to 
be  expected  from  the  Depreffion  of  the  Cata- 
ract ;  whereas,  on  the  contrary,  the  Appear- 
ance of  ftich  a  Circle,  plainly  fhews,  that  the 
Nerve  is  not  affcded,  and  confequently  that 
the  Succefs  of  the  Operation  is  not  to  be  whol- 
ly delpaired  of,  even  tho'  the  Pupil  fhould  be 
without  Motion;  for  fuch  an  Immobility 
of  the  Pupil  does  not  always  proceed  from 
an  Infenfibility  of  the  Nerve,  but  is  alfo 
lbmetimes  occafioned  either  by  the  Preffure 
of  the  Cataract  againft  the  Uvea,  or  by 
their  Adhefion ;  .neither  of  which  are  efteem- 
ed  fufficient  to  render  the  Operation  always 
fruitlels. 

It  is  likewife  from  this  Principle,  that  an 
Object  feen  thro'  a  Prifnv  appears  fo  'far  re- 
moved from  its  true  Place,  and  that  an  .Ob- 
ject feen  thro'  a  Pobjcdron,  or  Multiplying- 
glafs,  appears  in  fo  many  Places  at ;  once, 
and  therefore  appears  as  often  multiplied. 

The  fame  Principle  is  alfo  confirmed,  from 
the  erect  and  natural  Appearance  of  Objects, 
tho'  their  Image  on  the  Retina,  be  inverted. 
Thus  (in  Fig.  12.  Plate  II.)  H,  the  lower 
Part  of  the  Object  GH,  is  projected  on  a,  the 
upper  Part  of  the  Eye ;  and  the  higheft  Part 
G  is  projected  on  e  the  loweft  Part  of  the  Eye, 
which  makes  the  Image  or  Reprefentation  a  e, 

Vol.  II.  P  p  inverted: 
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inverted:  Yet,  becaufe  the  Point  G  appears  with- 
out the  Eye  in  the  Line  eG,  and  .the  Point  H 
in  the  Line  dR,   the  Point  G  muft  of  Ne- 
ceffity  be  feen  higher  than  the  Point  H. 

What  hath  occafioned  fome  feeming  Dif- 
ficulty in  the  Bufinefs  of  ereft  Appearances, 
is  the  groundlefs  Supposition,  that  the  Eye  or 
rather  the  Soul  by  means  thereof,  fees  an  in- 
verted Image  of  the  external  Object  painted 
on  the  Retina,  and  that  it  judges  of  the  Ob- 
ject from  what  it  obferves  in  this  Image.  But 
this  is  a  vulgar  Error ;  and  I  appeal  to  any 
one's  Experience,  whether  he  ever  fees  any 
fuch  Thing,  and  every  one  is  himfelf  beft 
Judge  of  what  he  fees.  And  as  the  Mind  fees 
not  any  Image  on  the  Retina,  fo  it  takes  no- 
Notice  of  the  internal  Pofture  of  the  Retina, 
or  of  the  other  Parts  of  the  Eye,  butufeth  them 
as  an  Inftrument  only  for  the  Exercife  of  the 
Faculty  of  Seeing ;  and  therefore,  when  the 
Retina,  on  its  lower  Part  at  the  Point  e,  re- 
ceives an  Impulfe  or  Stroke  from  the  Rays 
that  come  from  the  upper  Part  of  the  Qbjedt 
G,  is  it" not  more  natural,  as  well  as  ufeful, 
that  the  Mind,  without  any  Regard  to  the  Si- 
tuation of  that  Part  of  the  Retina,  fhould, 
agreeable  to  the  Principle  here  laid  down,  be 
directed  to  confider  the  Stroke  as  coming  from 
the  upper  Part  of  the  Objedt  G,  rather  than 

from 
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from  its  lower  Part  H ;  and  confequently  to 
conclude  the  Caufe  of  it,  or  the  Objedt  it'felf, 
there  alio  ?  And  what  is  faid  of  upper  and 
lower,  holds  equally  in  finifler,  dexter,  and  all 
other  Parts  of  the  Objeft. 

This  may  be  illuftrated,  by  conceiving  a 
blind  Man,  who,  holding  in  his  Hands  two 
Sticks  that  crofs  each  other,  doth  with,  them 
touch  the  Extremities  of  an  Objedl  placed  in 
a  perpendicular  Situation :  It  is  certain,  this 
Man  will  judge  that  to  be  the  upper  Part  of 
the  Objedt  which  he  touches  with  the  Stick 
held  in  the  undermoft  Hand,  and  that  to  be 
the  lower  Part  of  the  Object  which  he  touches 
with  the  Stick  in  his  uppermofi  Hand. 


SCHOLIOK 

$  1 2.  The  'Judgments  we  form  of  Objects  being 
placed  without  the  Eye  in  thoje  perpendicular 
Lines,  or,  which  is  nearly  the  fame  Thing,  the 
Judgments  we  form  of  the  Situation  and  Di- 
ftance  ofvijlial  ObjecJs,  depend  not  on  Cujlom 
and  Experience,  but  an  original,  connate  and 
immutable  Law  to  which  our  Minds  have 
been  jubjeCted  from  the  Time  they  were  at  fir  ft 
united  to  our  Bodies. 

That 
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That  the  Truth  of  this  may  appear,  it  muft 
be  remembered,  that  all  our  Perceptions  are 
prefent  with  the  Mind,  of  which,  properly 
fpeaking,  they  are  only  Modifications,  arifing 
from  the  Motions  excited  in  the  Senforium  ; 
and,  when  we  imagine  that  the  Colours  we  fee 
are  in  the  external  Object,  this  certainly  is 
not  a  Perception,  but  a  fallacious  Judgment 
or  Conclufion,  whereby  we  attribute  that 
which  is  truly  prefent  with  our  Mind,  and 
which  our  Mind  feels  or  perceives,  to  external 
Objects. 

Now,  fince  there  is  no  effential  or  necefia- 
ry  Connection  betwixt  thefe  Perceptions  and  the 
Judgments  we  form  concerning  them,  it  fol- 
lows, that  thefe  Judgments  mull  either  depend 
on  Cuftom  and  Experience,  or  on  an  original, 
connate  and  immutable  Law. 

§  13.  That  all  of  them  fliould  depend  on 
Cuftom  and  Experience,  is  a  Contradiction  in 
Terms ;  it  being  impoffible  for  us  to  have  any 
Experience,  till  fome  how  or  other  we  have 
formed  a  Judgment;  which  Judgment  muft 
therefore  depend  on  an  original,  connate  and 
immutable  Law,  that  cannot  but  obtain, 
at  leaft,  in  fome  of  our  Senfations.  To  fay 
otherwife,  is  to  fay  fomething  very  abfurd ; 
it  is  to  fay,  we  judge  by  Experience  that  has 
never  been  experienced.     Hence   it  is  plain, 

'that, 
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that,  when  one  fays,  The  Mind,  by  Cultom 
and  Experience,  comes  to  conclude  what  it 
fees  to  be  without  the  Eye  in  fuch  perpendicu- 
lar Lines ;  this  Experience  cannot  be  meant 
of  Sight,  but  of  fome  of  our  other  Senfes, 
fuch  as  that  of  Feeling  or  Touch,  which  there- 
fore, by  virtue  of  a  connate  and  immutable 
Law,  muft  naturally  and  of  itfelf,  without 
any  Affiftance  from  the  other  Senfes,  form  a 
Judgment  concerning  its  own  Perceptions,  and 
conclude  that  they  are  not  in  the  Mind,  but 
in  fomething  external. 

§  14.  But  if,  by  the  Touch  alone,  we  can 
judge  thus  of  the  Situation  and  Diftance  ofexT 
ternal  Things,  I  fee  not  why  the  fame  Power 
mould  be  denied  to  the  Sight.  l  It  cannot 
be  faid  that  it  is  more  difficult  for  the 
Mind  to  trace  back  the  Perceptions  it  has- 
by  Sight,  from  the  Senforium  to  the  Retina, 
and  from  thence  along  thofe  perpendicu- 
lar Lines  to  the  Object  itfelf,  than  it  is 
to  trace  back  the  Perception  it  has  by 
Touch,  from  the  Senforium  along  the  Nerves, 
to  the  external  Object  occasioning  them. 
The  fuhje&ing  our  Minds  to  a  Law  in  See- 
ing, is  as  eafy  as  fubjectingthem  to  a  Law 
in  Feeling ;  and  that  in  Feeling  our  Mind 
muft  be  Subjected  to  a  Law,  directing  it  to 
confider  its  own  Senfations  as  belonging-  to 
external  Objects,    has  been  juft  -sow  iliown. 

And 
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And  this  fhews  the  Tenor  and  Courfe  of  Na- 
ture, and  makes  it  highly  probable,  that  the 
fame  thing  obtains  in  our  other  Senfes;  for 
Nature  is  very  confonant  and  conformable  to 
herfelf,  and  very  fimple  and  uniform ;  Ihe  ne- 
ver performs  fimilar  and  like  Effects  in  divers 
Manners,  and  by  diffimilar  and  unlike  Means : 
This  were  to  deftroy  that  Simplicity  and  Uni- 
formity which  is  the  Beauty  of  all  her  Works, 
and  which  Ihe  is  obferved  to  delight  fo  much 
in. 

§  1 5.  Were  not  the  Mind  in  Seeing  fubje&ed 
to  a  Law,  whereby  it  traces  back  its  own  Sul- 
fations from  the  Senforium  to  the  Retina,  and 
from  thence  along  the  perpendicular  Lines 
above  named  to  the  Objedl  itfclf,  and  thence 
concludes  what  it  perceives  to  be  in  the  ex- 
ternal Object:,  and  not  in  the  Mind  ;  it  is 
plain,  that  a  Man  born  blind,  being  made  to 
fee,  would  at  firft  have  no  Idea  of  Diftance  or 
Situation  by  Sight;  the  Sun  and  Stars,  the 
remoteft  Objedts,  as  well  as  the  nearer,  would 
all  feem  to  be  in  his  Eye,  or  rather  in  his 
Mind ;  and,  if  fo,  whence  is  it  he  comes 
afterwards  to  judge  what  he  fees  to  be  in  the 
external  Objedt  ?  This  cannot  proceed  from 
Experience  alone ;  for  tho'  by  the  Touch,  we 
have  frequently  experienced  -the  Exiftence, 
Diftance,  and  Situation  of  Things  external, 
and  found  thefe  Ideas  to  have  been  prcceeded 

by 
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by  certain  correfponding  vifible  Ideas,  I  fee 
not  how,  upon  perceiving  any  vifible  Idea 
prefent  with  our  Mind,  we  fliould  judge  it  to 
be  without  in  the  external  Object,  without  fub- 
jecting  our  Mind  to  an  arbitrary  irrefiftible 
Law  directing  it  fo  to  do.  This  were  to  e- 
flablifh  an  elfential  and  neceffary  Connection 
betwixt  thefe  Judgments  and  the  Experiences 
we  have  by  Touch  laid  up  in  our  Memories : 
Whereas,  it  is  plain,  no  fuch  Thing  can  be ; 
all  the  Connection  that  is  being  only  cuftoma- 
ry  and  experimental.  And  feeing  Nature,  at 
any  rate,  mull  be  at*  the  Charge  of  a  Law, 
is  it  not  more  reafonable  to  fuppofe,  that,  by 
the  Sight  alone,  without  any  Affiftance  from 
the  other  Senfes,  the  Mind,  in  confequence  of 
fuch  a  connate  and  immutable  Law,  as  has 
been  allowed  it  in  the  Judgments  it  forms  by 
Touch,  fhould  be  enabled  to  trace  back  its 
own  Perceptions  in  the  fo  often  named  perpen- 
dicular Lines,  to  the  Object  itfelf,  and  thence 
to  form  a  Judgment  of  its  Diftance  and  Situa- 
tion ?  I  fay,  is  not  this  more  reafonable,  than 
to  fuppofe,  that  we  Hand  in  need  of  the  Ex- 
periences of  Touch  ?  Could  thefe  Experiences 
be  of  any  Ufe  without  a  new  Law,  there  might 
be  fome  Pretence  for  fuch  a  Suppofition  ;  but 
this  being  impoffible,  it  follows,  that  the 
Judgments  we  form  of  the  Situation  and  Di- 
ftance 
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fiance  of  vifual  Objects,  depend  not  onCuftom 
and  Experience,  but  on  an  original,  connate 
and  immutable  Law,  to  which  our  Minds 
have  been  fubjefted  from  the  Time  they  were 
firft  united  to  our  Bodies.  To  fay  otherwife, 
is  to  fay,  that  our  Sight  is  lefs  perfect  than 
our  Touch ;  not  from  any  Neceffity  in  the 
Thing  itfelf,  but  from  an  Error  or  Miftake  in 
Nature.  It  is  to  make  Nature  do  fomething 
in  vain,  and  to  be  luxuriant  in  fuperfluous 
Caufes;  which  is  to  break  down  the  catho- 
lic and  fundamental  Rules  of  Philofophizing, 
eftablifiied  by  Newton  in  his  Principia  Phi- 
lojophiz.  It  is  to  maintain,  that  one  accuftom- 
ed  from  the  Birth  to  fee*  Objects  thro'  a  Prifm 
or  Polyedron,  and  not  otherwife,  would  fee 
Objects  as  other  Men  do,  without  any  fuch  In- 
terpofition  ;  which  to  me  feems  very  abfurd 
and  ridiculous. 

§16.  From  what  has  been  faid,  I  think  the 
Truth  of  our  Scholium  is  fufficientlv  evident: 
But  becau'fe  Dean  Berkeley,  in  his  Theory 
of  Vifon,  has  a  good  deal  of  fub tile  Reafon- 
ing  in  favour  of  Cuftom  and  Experience,  that 
has  not  yet  been  taken,  notice  of,  I  fhall  ftop 
a  little  to  conlider  it. 

He  obferves,  that,  in  Seeing,  the  Mind, 
ftrictly  fpeaking,  perceives  nothing  but  what  is 
prefent  with  it ;    and  thence  concludes,  that 
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the  Ideas  of  Space,   Gutnefs,    Diftance,  and 
of  the   Situation    and  Magnitude  of  Things 
placed  at  a   Diftance,  cannot,  by  the  Sight 
alone,  be  introduced  into  our  Minds  ;  but  that, 
having  of  a  long  lime  experienced   certain 
Ideas  perceivable  by  Touch,    to    have   been 
connected  with  certain  Ideas  of  Sight,  we  do, 
upon  perceiving   thefe  Ideas  of  Sight,   forth- 
with conclude,  what  tangible   Ideas   are,  by 
the  wonted  ordinary  Courie  of  . Nature,  like 
to  follow ;  and  thus,  by  a  habitual  or  cuftoma* 
ry  Connection,    that   has  grown   up  between 
thefe  two  Sorts  of  Ideas,   the  latter  are  always 
fuggefted   by  the'  former,   juft  as  Things  are 
fuggefted  by  Words,  and  Shame  by  Blufhing: 
So  that,  according  to  him,  when  a  Man  is  laid 
to  fee  the  Magnitude,  and  Situation  of  this 
or  that  diftant  Object,  nothing  is  meant,  but 
that  the  Ideas  of  Sight  which  are  prefent  with 
the  Mind,  fuggeft  to  his  Underftanding,  that, 
after  having  palfed  a  certain  Diftance,  in  fuch 
a  Direction,  to  be  determined  by  the  Motion 
of  his  Body,  which  is  perceivable  by  Touch, 
he  fnall  come  to  perceive  certain  tangible  Ideas, 
which  have  been  ufually  connected  with  them  ; 
but  becaufc  there  is  no  efTential  or  tieceflary 
Connection  between  the  Ideas  of  Sight  and 
Touch,  the  Ideas  fuggefted  by  Sight  of  the 
Diftance,  Situation  and  Magnitude  of  external 
Things,   muft  depend  intirely  on  Cuftom  and 
Vol.  II.  Q^  q  Experience; 
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Experience  ;  for  that  one  Idea  may  fugged 
another  to  the  Mind,  it  is  fufficient  that  they 
have  been  obferved  to  go  together,  without 
any  Demonftration  of  the  Necefhty  of  their 
Co-exiftence,  or  without  fo  much  as  knowr- 
ing  what  it  is  that  makes  them  fo  to  co-exift. 
Thus,  Words  fignify  Things,  for  no  other 
Reafon,  than  barely  becaufe  they  have  been 
obferved  to  accompany  them. 

In  anfwer  to  this,  I  muft  afk  Mr.  Berkeley, 
how  it  appears  that  the  Ideas  we  have  by  Sight 
of  the  Diftance,  Situation  and  Magnitude  of  ex- 
ternal Things  are  nothing;  but  the  taftile  Ideas 
fuggefted  to  our  Minds  ?  When  my  Eyes  are 
fhut,  I  can,  at  pleafbre,  recal  to  Mind  the 
Ideas  of  Touch,  which  former  Senfations  had 
lodged  in  my  Memory;  the  bare  naming  the 
Thing  doth  prefently  fuggeft  them,  as  well  as 
the  feeing  it.  But  there  is  no  body  who  doth 
not  perceive  the  Difference  in  himfelf,  between 
a&ually  looking  upon  an  Object,  and  con- 
templating the  Idea  he  has  of  it  in  his  Memory  ; 
and  therefore  he  hath  certain  Knowledge  that 
they  are  not  both  Memory  or  Fancy.  But 
this  is  not  all :    For, 

Tho'  it  muft  be  acknowledged,  that,  in 
feeing  Objects,  the  Mind,  ftrictly  fpeaking, 
perceives  nothing  but  what  is  prefent  with  it ; 
yet  it  does  not  from  thence  follow,  that  the 
Ideas  of  Space,  Outnefs,  Diftance,  and  of  the 
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Situation  and  Magnitude  of  Things  placed  at 
a  Diftance,  cannot,  by  the  Sight  alone,  be 
introduced  into  our  Minds.  Were  this  true,  I 
fee  not  how  we  could  ever  come  by  thofe 
Ideas ;  for  the  tangible  Ideas  are  as  much  pre- 
fent  with  the  Mind,  as  the  vifible  Ideas,  and, 
on  that  Account,  muft  be  equally  incapable  of 
introducing  the  Idea  of  any  Thing  external. 
When  with  my  Hand  I  touch  an  Object,  the 
Idea  perceived  is  prefent  with  my  Mind  ; 
and,  in  moving  my  Hand  along  the  Object,  or 
in  moving  my  Body  from  one  Place  to  an- 
other, the  Ideas  or  Perceptions  that  fucceed  one 
another,  are  all  of  them  as  much  prefent  with 
my  Mind,  as  any  vifible  Idea  can  be.  How 
then  can  it  be  laid,  that  external  Diftance  and 
Situation  are  only  determined  by  the  Motion  of  the 
Body  perceivable  by  Touch?  This  is  to  deftroy 
the  univerfallv  received  Notions  we  have  of 
Things,  and  to  confound  external  Space,  Di- 
ftance and  Situation,  with  a  Series  of  Ideas 
fucceeding  one  another  in  the  Mind.  It  is  to 
take  away  all  Difference  between  Space  and 
Time,  and  to  make  both  confift  in  a  Cbn- 
fcioulhefs  of  a  SuccefTion  of  different  Ideas  or 
Perceptions  in  the  Mind  ;  whereas  it  is  certain, 
that  neither  of  them  depends  on  our  Ideas,  but 
muft  continue  the  fame,  whether  we  have  any 
Ideas  or  not.  It  is  to  introduce  a  wild  and 
unbounded  Sceptic ijm  a  Seepdcifm  that  at  once 

banifhes 
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baniffies  this  external  World,  and  Space  itfelf, 
out  of  the  Field  of  Exiftence,  and,  in  place 
thereof,  fubftitutes  a  vifionary  World,  a  World 
of  Ideas  and  Phantoms,  exifting  no  where  but 
in  his  own  Mind.  It  is  to  fuppofe,  that  it  is 
God  who  prefents  the  Appearances  of  Things 
external  to  us ;  and  that  he  does  it  in  fuch  a 
Manner  as  to  deceive  us  ;  for,  fuppofing 
Things  external  to  exift,  I  fee  not  what  great- 
er Affurances  we  could  have  of  their  Exiftence, 
than  we  now  have.  In  fine,  this  is  not  to  foive 
the  Problem,  Whether  it  be  from  Cuftom  and 
Experience,  or  by  virtue  of  an  original  connate 
Law,  that,  by  Sight,  we  come  to  judge  of  the 
Situation  of  external  Things,  but,  by  exter- 
minating all  Things  external,  to  make  the 
Problem  itfelf  abfurd  and  ridiculous. 

§  17.  If  what  has  been  demonftrated  in  the 
preceeding  "Lemma  be  duly  attended  to,  it  will 
not  be  difficult  to  explain  how  Objecls  feen 
with  both  Eyes  appear  fmgle,  from  their 
being  feen  by  each  of  them  in  the  fame 
Place. 

For  illuftrating  this,  let  it  be  fuppofed,  that 
both  Eyes  are  directed  to  the  Point  F,  (See 
Fig.  12.  Plate  II.)  by  the  preceeding  Lemma, 
this  Point  mud  be  feen  by  the  Left-eye  in  its 
Axis  cYy  and  by  the  Right-eye  in  its  Axis  CF  ; 
and  fince  we  have  alfo  a  Faculty  of  judging 
of  the  Diftance  of  Objects,   it  follows,  that 

the 


Chap.  I.  Of  the  fingle  Appearance  of  ObjeBs.  309 

the  Point  F  muft  be  feen  by  both  Eyes  in  that 
precife  Place  where  the  Lines  cF,  CF  interfect 
each  other ;  and  being  feen  in  the  fame 
Place  by  both  Eyes,  it  muft  neceflarily  appear 
fingle,  it  being  impoffiblc  for  us  to  conceive 
two  Objects  exifting  in  the  fame  Place  at  the 
fame  Time. 

In  like  Manner,  all  the  other  vifual  Points 
of  the  Object  GH,  muft  alfo  appear  fingle: 
For,  fuppofing  the  Eyes  to  continue  their  for- 
mer Direction,  the  Rays  which  come  from 
any  other  Point,  as  H,  will  be  united  on  the 
Retina  of  the  Left-eye  on  the  out-fide  of  the 
optic  Axis  at  a;  and  in  the  other  Eye,  they 
will  be  united  on  the  In  fide  of  its  Axis  at  A  : 
Hence  the  Point  H  will  be  feen  by  both  Eyes 
in  the  Lines  #H,  AH,  which  are  perpendicular 
to  the  Retina  at  the  Points  a  and  A,  where  the 
Image  is  painted.  But  the  Lines  a¥i  and  AH, 
meet  and  interfeel:  each  other  at  H ;  and  there- 
fore fince  our  Mind,  or  vifive  Faculty,  has  a 
Power  of  judging  rightly  of  the  Diftance  of 
Objects,  it  follows,  that  the  Point  H  muft  be 
leen  by  both  Eyes  in  the  precife  Point  H, 
where  thefe  Lines  interfect  each  other,  and 
coiifequently  muft  appear  fingle,  becaufe  we 
can  have  no  Idea  of  the  Penetration  of 
Matter,  or,  which  is  the  fame  Thing,  it  is 
impoffible  for  us  to  conceive  two  vifible  Ob- 
jects 
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jecls  placed  in    the   fame  Place   at  the  fame 
Time. 

§  1 8.  What  hath  been  juft  now  faid  of  the 
fingle  Appearance  of  Ohje&s  feen  with  both 
Eyes,  holds  only  with  refpect  to  Objects  pla- 
ced in  the  Plan  of  the  Horopter ;  for  all  Objedh 
placed  out  of  this  Plan,  muft,  in  confequence 
of  the  Principle  laid  •  down  in  the  foregoing 
Lemma,  be  feen  in  two  different  Places,  with 
Relation  to  that  Point  of  the  Horopter  on 
which  our  Eyes  are  fixed  ;  and  being  feen 
in  twro  different  Places,  muft  therefore  ap- 
pear double,  as  fhall  be  fhewn  below,  Seel.  22. 

§  19.  In  the  mean  time,  from  what  hath 
been  juft  now  faid,  it  follows,  that  the  fingle 
Appearance  of  Obj eels  placed  in  the  Plan  of 
the  Horopter ',  does  not  arife  from  the  uniform 
Motion  of  our  Eyes,  as  fome  have  imagined, 
who  therefore  maintain,  that  this  fingle  Ap- 
pearance is  one  of  the  final  Caufes  of  the  uni- 
form Motion  of  our  Eyes ;  for  while  the 
'  Left-eye  is  dire&ed  to  F,  (Fig.  12.  Plate  II.) 
let  the  other  be  directed  to  G,  or  H,  it  is 
plain,  from  the  preceeding  Lemma,  that  the 
Points  G,  F  and  H,  will  continue  to  be  feen  in 
the  fame  perpendicular  Lines  EG,  CF,  AH,  they 
formerly  appeared  in,  when  both  Eyes  were 
directed  to  F;  for  thefe  Lines,  notwithstand- 
ing the  Motion  of  the  Eye,  will  ftill  be  per- 
pendicular 
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pendicular  to  the  Retina  at  the  Points  E,  C 
and  A,  where  the  Image  of  thefe  Points  are 
painted,  becaufe  they  pals  thro'  the  Centre 
of  the  Eye  which  is  immoveable ;  and  fmce 
at  the  fame  Time  we  have  a  Power  of  judging 
rightly  of  their  Diftance,  it  follows,  that  here 
alfo  they  mud  appear  fingle,  from  their  being 
feen  in  the  fame  Place  by  both  Eyes.  And 
this  is  the  Reafon  why  thole  who  from  Uie  and 
Cuftom,  have  acquired  a  Power  and  Habit  of 
fquinting,  fee  Objects  fmgle  as  other  Men.     fc 

§  20.  How  this  agrees  with  the  double  Ap- 
pearance of  Objedts,  when  either  of  the  Eyes 
is,  by  the  Freffure  of  the  Finger,  or  by  a 
Spafm  or  Paralyfis  in  any  of  its  Mufcles,  re- 
trained from  following  the  Motion  of  the  o- 
ther,  is  a  Matter  of  very  great  Difficulty, 
and  therefore  deferves  well  to  be  carefully  ex- 
amined. 

It  hath  been  fhewn,  that  Objects,  are  feen 
without  the  Eye,  in  Lines  drawn  perpendicularly 
to  the  Retina,  at  that  Point  of  it  where 
their  Image  is  painted.  It  hath  likewife  been 
demonftrated,  that  thefe  Lines  continue  inva- 
riably the  fame,  without  any  Change  of  Situ- 
ation, though  the  Eye  be  turned  away  from 
the  Object  to  which  the  other  Eye  is  directed ; 
whence  it  feems  to  follow,  that  the  Object,  in  all 
Situations  of  the  Eye,  fhould  continue  to  be 
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feen   in  the   fame  Place  by  both  Eyes;  and, 
being  feen   in  the  fame  Place,  fhould  always 
appear  fingle.     How  comes  it  therefore,  that, 
in    the    Cafe   before    us,    the  Obi  eel    fhould 
appear  double  ?    What  is  it  can  put  this  Cheat 
upon  the  Underftanding  i     Whether  the  Eyes 
look  the  fame  Way,  or  differently,  the  Object 
appears  to  each  of  them   in  the   fame  Lines  ; 
and  fince,  at  the  fame  Time,  we  alio  perceive 
its  Diftance,  it  ought  to  appear  fingle,  becaufe 
feen  in  the  Concourfe  of  thefe  Lines,  and  yet 
it  is  efteemed  double.  Herein  confifts  the  Diffi- 
culty which  yet  does  vanifh  and  admit  of  a  molt 
eafy  Solution,  if  we  but  confider  that  the  Mind 
miftakes  the  Situation  of  the  Eye,  and  fuppofes 
that  it  is  directed  to  the  fame  Object  with  the  o- 
ther ;    for,  having  been   accuftomed  to  move 
both  Eyes  uniformly,  from  which  a  Kind  of 
Neceffityhas  arifen  that  makes  it  impoflible  for 
us  to  move  them  differently,  when  we   would 
view  any  Object,  the  Mind  wills  both  Eyes  to 
be  directed  towards  it,    and,  not  being  fenfible 
that   either  of , them  has  difobeyed  its  Com- 
mands, it  concludes,  that  they  are  both  turned 
the  fame  Way,  becaufe  it  has  been  accuftomed 
to  find  them  fo  upon  the  like  Occafions :  And 
being  thus  miftaken  as  to  the  Situation  of  the 
Eye,  it  muft  alfo  be  miftaken  as  to  the  Situa- 
on  of  the  Lines  in  which  the  Object   is  feen, 

which 
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which  therefore  muft  be- feen  double,  by  Reafon 
of  the  different  Situation  it  appears  in  to  each 
Eye ;  it  being  impo/iible  for  us  to  conceive  that 
any  one. Thing  can  be  in  two  different  Places 
at  the  fame  Time. 

To  illuftrate  this  Matter,  let  it  be  fiippofed, 
that  one  wills  both  Eyes  to  be  directed  to  F, 
(See  ftill  Fig*  12.  Piate  II.)  for  viewing  it 
accurately,  and  that  while  the  Left-eye  gives 
ready  Obedience,  let  the  other,  by  Reafon  of  a 
recent  Defedt  in  fome  of  its  Mufcles,  be  turned 
to  H  :  It  is  plain,  that  the  Point  F  will  be  {ecn 
in  the  fame  perpendicular  Line  CF  it  would 
have  appeared  in  had  the  Eye  been  directed 
to  F :  But,  becaufe  this  Line,  by  Reafon  of 
the  Obliquity  of  the  Eye,  does  not  fall  on  the 
Retina  at  its  Axis  C,  but  at  fome  other  Point 
on  the  Out-fide  of  this  Axis,  as  E,  fo  that  the 
Angle  C0E  may  be  equal  to  the  Angle  Foil; 
it  will  itfelf  appear  translated  .to  EG;  and, 
being  thus  translated,  the  Point  F  muft  be 
translated  with  it,  which  therefore  will  be 
feen,  not  in  its  proper  Place  F,  but  in  fome 
other  Place,  as  G,  fituated  in  the  Perpendicular 
EoG:  For  fince  the  Mind  knows  not  but  the 
Eye  is  directed  to  F,  it  muft  form  the  fame 
•Judgment  with  refpedt  to  the  Situation  of  Ob- 
jects, as  if  it  were  really  fo:  But  it  has  been 
already  fbewn,  that  Objedts  are  always  feen 
by  virtue  of  a  connate  immutable  Law,  in  Lines 

Vol.  II.  R  r  drawn 
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drawn  perpendicularly  to.  the  Retina,  from  that 
Point  of  it  where  their  Image  falls;  and  there- 
fore the  Gbjedt  F,  having,  its  Image  painted 
on  the  Retina  at  E,  mud  be  feeu  by  this  Eye, 
which  the  Mind  fuppofes  directed  to  F,  fome- 
where  in  the  Perpendicular  EG,  as  at  G, 
while  to  the  other  Eye  it  appears  in  its  true 
Place  F ;  and,  being  thus  feen  in  two  different 
Places,  G  and  F,  it  muft  neceffarily  appear 
double. 

The  Cafe  here  is  exactly  the  fame,  as  if, 
when  one  looks  with  both  Eyes  at  any  {mall 
Objedl  ftraight  before  him,  he  fhould  imagine 
his  Right-eye  to  be  turned  outwards  towards 
his  Right-hand ;  for  the  little  Objedt  will  by 
that  Eye  be  judged  on  the  Right-hand,  becaufe 
its  Picture  is  made  on  the  Retina  at  the  Axis 
of  the  Eye,  which  he  fuppofes  is  directed 
that  way,  while  to  the  other  it  appears  in 
its  true  Place,  and  therefore  will  appear 
double. 

Something  like  this  happens  when  an  Objolt 
is  felt  by  the  Extremities  of  two  Fingers  that 
are  made  to  crofs  each  other  %  for  the  Mind, 
not  attending  tx>  the  pofition  of  the  Fingers, 
judges  that  the  Objedl  is  double,  becaufe  it  is 
felt  by  thofe  Parts  of  the  Fingers  that  ufed  to. 
be  at  a  Diftance  from  each  other. 

§  21.  That  we  have  here  given  the  true 
Account  of  this   Th<enomenon>  will  be  further 

evident 
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evident  to  any  one  who  confiders,  that,  when 
the  Mind  does  not  miftake  the  Situation  of 
the  Eye,  as  in  thofe  who  by  Cuftom  have, 
from  their  Infancy,  contracted  a  Habit  of  mo- 
ving their  Eyes  differently,  all  Objects  appear 
fmgle  as  to  other  Men;  and  this  likewife  is  the 
Reafon  why,  in  the  Cafe  before  us,  all  Things 
come  in  Time  to  be  feen  fingle ;  for,  by  repeat- 
ed Experiences,  the  Mind  becomes  wifer,  and 
by  Degrees  learns  to  form  a  right  Judgment 
concerning  the  Direction  of  the  Eye ;  which 
Judgment,  by  becoming  habitual,  mud  ferve 
to  correct  the  Miftake  it  was  formerly  led  into 
writh  refpect  to  the  Situation  of  Objects.  The 
ingenious  Mr.  Cheselden  gives  us  a  very 
beautiful  Example  of  this  in  his  Syftem  of  Ana- 
tomy. His  words  are:  "  A  Gentleman,  who, 
f  from,  a  Blow  on  the  Head,  had  one  Eye 
"  diftorted,  found  every  Object  appear  double  ; 
*'  but,  by  Degrees,  the  molt  familiar  Ones- 
cc  became  fingle,  and  in  Time  all  Objects 
"  became  fo,  without  any  Amendment  of  the 
"  Diftortion." 

The  not  confidering  of  what  has  been  faid, 
has  been  a  fundamental  and  perplexing  Over- 
fight;  for  Proof  whereof,  we  need  go  no 
further  than  the  Cafe  before  us:  For  explain- 
ing which,  many  learned  Men  have  been  forced 
to  fuppofe,  that,  by  Sight  alone,  we  can  never 
form  any  Judgment  with  refpect  to  the  Situa- 
tion 
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tion  of  Objects,  without  calling  in  the  Ex- 
periences of  Touch ;  the  contrary  of  which 
has  been  fet  forth  at  large,  and  demonftrated 
in  the  preceeding  Scholion. 

From  all  that  has  been  faid  on  this  Head, 
laid  together,  and  duly  confklered,  we  may 
clearly  deduce  this  Inference.  The  double 
Appearance  of  Objects  that  happens  when 
either  of  the  Eyes  is,  from  a  Spafm  or  Para- 
lyfis  of  any  of  their  Mufcles,  or  from  any 
other  Caufe,  reftrained  from  following  the 
Morions  of  the  other,  does  not  prove,  that, 
t&  ice  Objects  fingle,  it  is  abfolutely  requifite 
that  both  Eyes  be  dire  died  to  the  fame  Ob- 
jecl,  and  that  this  is  one.  of  the  final  Caufes 
of  their  uniform  Motion. 

§  22.  But,  that  this  may  appear  yet  more 
plainly,  I  fhall  here  Explain  how  it  comes  to 
pafs,  that  all  Objects  placed  out  of  the  Plan 
of  the  Horopter  are  always  feen  in  two  different 
Places,  with  relation  to  the  Point  of  the  Ho- 
ropter on  which  our  Eyes  are  fixed,  and, 
being  teen  in  two  different  Places,  do  therefore 
appear  double. 

Thus,  if,  while  the  optic  Axes  (See  Fig.  15. 
Plate  II.)  AC,  BC,  are  directed  to  a  mark 
C,  for  viewing  it  accurately,  we  attend  to  an 
Object  x,  placed  any  where  within  the  Angle 
ACB,  formed  of  the  optic  Axes,  the  Object 
x  will  appear  in  two  Places ;    for  being  feen  by 

the 
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the  Right-eye,  in  the  Dire&ion  of  the  vifual 
Line  B„r,  it  mud  appear  on  the  Left-fide  of  C, 
and  its  Diftance  from  C  will  be  meafured  by 
the  Angle  CB,r ;  and,  being  feen  by. the  Left- 
eye  in  the  Dire&ion  of  the  vifual  Line  Ax, 
it  mull  appear  on  the  Right-fide  of  C,  and 
its  Diftance  from  C  will  be  meafured  by  the 
Angle  CAtf ;  and  confequently  it  muft  appear 
double,  and  the  Diftance  between  the  Places 
of  its  Appearance  will  be  meafured  by  the  Sum 
of  the  Angles  CBx,  CAx. 

For  the  like  Reafon,  fo  foon  as  the  Eyes 
change  their  Direction  from  C  to  x,  the  Ob- 
ject x  fhall  appear  fingle;  but  all  other  Ob- 
jects placed  within  the  Angle  D.rE,  made  by 
the  optic  Axes  produced,  will  appear  double. 
Thus  the  Object  C  being  feen  in  the  vifual 
Lines  A  C,  B  C,,  which  are  on  different  Sides 
of  the  Object  x9  it  muft  necefiarily  appear 
double,  and  the  Diftance  between  the  Places  of 
its  Appearance  is  meafured  by  the  Sum  of  the 
Angles  CAE,  CBD. 

The  fame  way  of  Reafoning  applied  to  Ob- 
jects in  all  manner  of  Situations,  will  fhew, 
that  all  of  them  muft  appear  double  when 
placed  out  of  the  Plan  of  the  Horopter :  All 
which  is  exactly  agreeable  to  Experience. 
And  this  alfo  is  the  Reafon  why  a  double  Ap- 
pearance will  be  feen?  when  the  End  of  a  long 
Ruler  is  placed  between  the  Eye-brows,  and 

extended 
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extended  directly  fo reward  with  its  fiat  Sides 
refpecting  right  and  left;  for,  by  directing 
the  Eyes  to  a  remote  Object,  the  Right-fide 
of  the  Ruler  feen  by  the  Right-eye  will  appear 
on  the  Left-hand,  and  the  LefMlde  on  the 
Right-hand. 

23..  From  what  hath  been  faid,  it  were  eafy 
to  explain  the  Nature  of  Squinting,  and,  from 
the  above  eftablifhed  Principles,  to  fet  the 
Diagnoftics  and  Prognbftics  of  this  Difeafe  in 
a  jufter  Light  than  hitherto  has  been  done : 
For  which  Pnrpofe,  I  fhall  take  a  View  of  the 
feveral  Caufes  from  which  it  may  be  fuppofed 
to  proceed,  and  fhall  determine  fome  of  the 
chief  optical  Effects  that  naturally  arife 
from  them,  whereby  the  preceeding  Doctrine 
will  be  further  illuftrated  and  confirmed. 
And, 

Firjl,  This  Difeafe  may  proceed  from  Cu- 
ftom  and  Habit,  while  in  the  Eye  itfelf,  or 
in  its  Mufcles,  nothing  is  preternatural  or  de- 
fective. 

Thus  Children,  by  imitating  thofe  that 
'quint,  and  Infants,  by  having  many  agreeable 
Objects  presented  to  them  at  once,  which 
invite  them  to  turn  one  Eye  to  one,  and  the 
other  .Eye  to  another,  do  frequently  contract 
a  Habit  of  moving  their  Eyes  differently  ; 
which  afterwards  they  cannot  fo  eafily  correct. 
Infants  likewife  get  a  Cuftom  of  Squinting,  by 
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being  placed  obliquely  towards  a  Candle, 
Window,  or  any  other  agreeable  Object  capa- 
ble of  attracting  their  Sight;  for  tho',  to  fee 
tile  Object,  they  may  at  firft  turn  both  Eyes 
towards  it,  yet,  becaufe  fuch  an  oblique 
Situation  is  painful  and  laborious,  efpecially  to 
the  moil  diftant  Eye,  they  foon  relax  one  of 
the  Eyes,  and  content  themfelves  with  exami- 
ning it  with  the  Eye  that  is  next  it;  whence 
arifes  a  Diverfitv  of  Situation,  and  a  Habit  of 
moving  the  Eyes  differently.  * 

In  this  Cafe,  which  may  admit  of  a  Cure, 
if  not  too  much  confirmed,  it  is  evident,  that 
Objects  will  be  feen  in  the  fame  Place  by 
both  Eyes,  and  therefore  niuft  appear  fingle 
as  to  other  Men ;  but  becaufe  in  the  Eye 
that  fquints,  the  Image  of  the  Object  to  which 
■the  other  Eye  is  directed  falls  not  on  the  nioft 
fenfible  and  delicate  Part  of  the  Retina,  which 
is  naturally  in  the  Axis  of  the  Eye,  it  is  eafy 
to  fee,  that  it  muft  be  but  faintly  perceived 
by  this  Eye.  Hence  it  is,  that,  while  they 
are  attentive  in  viewing  any  Object,  if  the  Hand 
be  brought  before  the  other  Eye,  this  Object 
will  be  but  obfcurely  feen,  till  the  Eye  change 
its  Situation,  and  have  its  Axis  directed  to  it ; 
which  Change  of  Situation  is  indeed  very  eafy 
for  them,  becaufe  it  depends  on  the  Mufclcs 
of  the  Eyes,  whofe  Functions  are  intire ;  but, 
by  Reafon  of  the  Habit  they  have  contracted 
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of  moving  their  Eyes  differently,  the  other 
Eye  is  at  the  fame  Time  frequently  turned  a- 
fide,  fo  that  only  one  at  a  Time  is  directed 
to  the  Objed. 

That  all  this  may  be  the  better  perceived, 
for  an  Object,  caufe  them  to  look  at  the  Image 
of  the  upper  Part  of  your  Nofe  in  a  plain  Mir- 
ror, while  you  ftand  directly  behind  them, 
to  obferve  the  Direction  of  their  Eyes. 

§  24.  Secondly,  The  Strabifmus  may  pro- 
ceed from  a  Fault  in  the  firft  Conformation, 
by  which  the  moil  delicate  and  fenfible  Part 
of  the  Retina  is  removed  from  its  natural 
Situation,  which  is  diredly  oppofite  to  the 
Pupil,  and  is  placed  a  little  to  afide  of  the 
Axis  of  the  Eye ;  which  obliges  them  to  turn 
away  the  Eye  from  the  Objed  they  would 
view,  that  its  Pidure  may  fall  on  this  molt 
fenfible  Part  of  the  Organ.  Thus,  if  a  (fee 
Fig.  12.  Plate  II.)  be  fuppofed  the  mod 
fenfible  Part  of  the  Retina,  in  order  to  fee 
the  Objed  H,  the  Eye  mull  be  turned  afide 
to  F. 

When  this  is  the  Cafe,  the  Difeafe  is  al- 
together incurable,  and  the  Phenomena  that 
arife  therefrom  differ  in  nothing  from  the 
Phenomena  of  the  former  Cafe,  excepting  only 
that  here:  into,  The  Objed  to  which  the 
Eye  is  not  direded  will  be  befl  feen,  which  is 

the 
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the  reverfe  of  what  happens  when  this  Difeafe 
arifes  barely  from  Habit  and  Cuftom. 

ido,  No  Object  will  appear  altogether  dear 
and  diftinct  ;  for  all  Objects  to  which  the 
Eye  is  directed,  by  having  their  Image  painted 
on  the  Retina  at  the  Axis  of  the  Eye,  where  it 
is  not  very  fenfible,  will  be  but  obfcurely  feen  ; 
and  Objects  that  are  placed  fo  far  to  a  Side  of 
the  optic  Axis  as  is  neceffary  for  making  their 
linage  fall  on  the  moft  fenfible  and  delicate 
Part  of  the  Retina,  muft  appear  a  little  con- 
fufed,  becaufe  the  feveral  Pencils  of  Rays 
that  come  therefrom,  fall  too  obliquely  on  the 
Cryftalline  to  be  accurately  collected  in  fo 
many  diftindt  Points  of  the  Retina ;  tho'  it 
muft  be  acknowledged,  that  this  Confufion 
will,  for  the  moft  Part,  be  fo  fmall  as  to  efcape 
unobferved. 

§  25.  Thirdly,  This  Difeafe  may  proceed 
from  an  oblique  Pofition  of  the  Cryftalline, 
as  mFig.  16.  Plate  II.  whete  the  Rays  that 
come  directly  to  the  Eye  from  an  Object  at  A, 
and  that  ought  to  converge  to  the  Point  of 
the  Retina  D,  which  is  in  the  Axis  of  the 
Eye  D  E,  are,  by  Reafon  of  the  Obliquity  of 
the  Cryftalline,  made  to  converge  to  another 
Point,  as  C,  on  that  Side  of  the  vifual  Axis 
DEA,  where  the  Cryftalline  is  moft  elevated  ; 
and  therefore  the  Object  is  but  obfcurely  feen, 
becaufe   its  Image  falls  not  on  the  Retina  at 
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the  Axis  of  the  Eye,  where  it  is  raoft  fenfible: 
But  the  Rays  that  fall  obliquely  on  the  Eye, 
as  thofe  that  come  from  an  Object  at  B,  will, 
after  Refraction,  converge  to  this  moil  fenfible 
Part  of  the  Retina  D,  and,  by  converging  there, 
muft  imprefs  the  Mind  with  a  clearer  Idea 
of  the  Object  from  whence  they  came.  It 
is  for  this  Reafon  that  the  Eye  never  moves 
uniformly  with  the  other,  but  turns  away  from 
the  Object  it  would  view,  being  attentive  to 
the  Objedt  to  which  it  is  not  directed.  When 
this  is  the  Cafe,  it  is  in  vain  to  expect  any  good 
from  Medicine. 

The  Symptoms  that  naturally  arife  from 
it  are,  imo,  The  Object  A,  to  which  the  Eye 
is  directed,  will  be  but  faintly  feen,  becaufe  its 
Image  falls  on  the  Retina  at  C,  where  it  is  not 
very  fenfible. 

udo,  The  Object  B,  to  which  the  Eye  is 
not  directed,  by  having  its  Image  painted  on 
the  Retina  at  the  Axis  of  the  Eye  DE,  will 
be  clearly  perceived.     But, 

%&t&i  This  fame  Object  B  muft  appear  fome- 
what  indiftinct,  becaufe  the  Pencils  of  Rays 
that  flow  from  it  are  not  accurately  collected 
in  fo  many  diftinct  Points  in  the  Retina,  by 
Reafon  of  their  oblique  Incidence  on  the  Cry- 
Italline.     And, 

4/0,  It  muft  be  feen,  not  in  its  proper  Place 
B,  but  thence  tranflated  to  feme  other  Place, 
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as  A,  fituated  in  the  Axis  of  Vifion  DEA. 
(See  the  preceeding  Lemma  and  Scholium.) 
And, 

R5to,  Being  thus  tranflated  from  its  true 
Place,  where  it  is  feen  by  the  other  Eye  that 
does  not  {quint,  it  muft  neceffarily  appear 
double,  and  the  Diftance  between  the  Places 
of  its  Appearance  will  be  ftill  greater,  if  the 
Cryftalline  of  the  other  Eye  incline  to  the 
contrary  Side. 

Had  Monf.  ik  la  Hire  attended  to  this 
Tranflation  and  double  Appearance  of  the 
Object,  I  fee  not  how  he  could,  have  imagi- 
ned, that,  when  the  Cryftalline  is  inclined 
differently  in  both  Eyes,  the  Moon,  for  Ex- 
ample, will  appear  like  two  Ovals  that  decuf- 
fate  one  another,  as  in  Fig.  17.  Plate  II. 
(See  his  Difirtation  fur  les  dijferens  Accidens 
de  la  Veile) ;  for  tho'  the  Moon,  or  any  round 
Body,  may  appear  a  little  oval,  from  the  unequal 
Refra&ion  of  the  Rays  in  the  oblique  Cryftal- 
line; and  tho'  thefe  Ovals  may  have  different 
Inclinations,  arifing;  from  the  different  Inclinati- 
ons  of  the  Cryftallines,  yet  they  can  never 
decuffate  one  another ;  but  being  tranflated  to 
two  different  Places,  muft  neceffarily  appear 
double,  and  at  a  Diftance  from  each  other. 

§  26.  Fourthly,  This  Difeafe  may  arife 
from  an  oblique  Pofition  of  the  Cornea ;  which, 
as  Maitre-Jean    obferves,  in  this  Cafe,  is 

generally 
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generally  more  arched  and  prominent  than  what 
it  is  naturally. 

When  the  Eye  has  this  Conformation,  nc? 
Object  to  which  it  is  directed  can  be  clearly 
feen,  becaufe  its  Image  falls  not  on  the  Retina  at 
the  Axis  of  the  Eye  ;  and  therefore  the  Eye 
turns  afide  from  the  Objedt  it  would  view, 
that  its  Image  may  fall  on  the  moil  fenfible 
Part  of  the  Retina. 

To  determine  the  Situation  of  the  Eye 
with  refpect  to  the  Object  it  would  view,  let 
AGK  be  the  Axis  of  Vifion,  (See  Fig.  18. 
Plate  II.),  and  let  the  Arch  bGd,  whofe 
Centre  is  o,  reprefent  the  oblique  prominent 
Cornea,  and  let  a  Ax  be  a  Cone  of  Rays, 
having  its  Bafts  in  the  Pupil,  and  its  Apex  in 
the  mod  fenfible  Part  of  the  Retina ;  it  is 
evident,  that  this  Cone  muft  come  from  a 
Point  without  the  Eye,  which,  of  all  others, 
appears  moft  clear  and  diftincT:.  To  find  there- 
fore the  Situation  of  this  Point,  nothing  is 
required  but  to-  trace  back  the  middle  Ray  AG, 
in  the  Line  it  delcribed  before  its  Incidence  on 
the  Cornea  at  G. 

For  this  Purpofe,  eredt  upon  the  Surface 
of  the  Cornea,  from  the  Point  of  Incidence  G, 
the  Perpendicular  G  P,  and  having  produced 
it  downwards  to  Q^,  from  A  let  fall  upon  it 
the  Perpendicular  AD,  and  produce  it  to  H, 
fo  that   DH  may  be  to  A  D>  as  the  Sine  of 

Incidence 
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Incidence  to  the  Sine  of  Refraction,  that  is, 
as  4  to  3  ;  and  about  the  Centre  G,  with  the 
Radius  GA,  defcribing  a  Circle  A  HP,  draw, 
parallel  to  the  Perpendicular  GPQ^,  the  line 
HE,  cutting  the  Circumference  in  E,  and 
join  EG :  This  Line  E  G  ihall  be  the  Line  of 
the  incident  Ray,  in  which  an  Object  muft  be 
placed  to  have  its  Image  painted  on  the 
Retina  at  the  Axis  of  the  Eye  A,  where  it  is 
niofl:  fenfible.  For,  if  EF  be  let  fall  perpen- 
dicularly on  the  Line  PQ,,  this  Line  EF 
fhall  be  the  Sine  of  Incidence  of  the  Ray  EG, 
the  Angle  of  Incidence  being  EGP ;  and  this 
Sine  EF  is  equal  to  DH;  and  confequently 
in  proportion  to  the  Sine  of  Refraction  AD, 
as  4  to  3. 

When  the  Strabifmns  proceeds  from  this 
Caufe,  the  Prognoftic  and  the  Phenomena  that 
attend  it,  will  be  much  the  fame  as  in  the 
Cafe  immediately  preceeding;  from  which 
neverthelefs  it  may  be  diftinguifhed  by  the 
Obliquity  of  the  Cornea,  which  is  manifeft  'to 
the  Senfes ;  and  if  the  Cornea  be  alfo  more 
arched  and  prominent  than  what  it  is  naturally, 
which  is  commonly  the  Cafe,  the  Eye  will  alfo 
be  fhort-fighted. 

§  27.  Fifthly,  This  Want  of  Uniformity  in 
the  Motions  of  our  Eyes,  may  arife  from  a 
Defedt,  or  any  great  Weaknefs  or  Imperfection 
in  the  Sight  of  both  or  either   of  the  Eyes ; 

and 
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and  this,  fo  far  as  I  have  obferved,  is  the 
moll  common  Caufe  of  this  Difeafe. 

It  has  already  been  made  appear,  that  the 
Motions  of  our  Eyes  are  voluntary  and  de- 
pending upon  our  Mind,  which,!  being  a  wife 
Agent,  does  will  them  to  move  uniformly, 
not  from  any  ablblute  Neceffity  in  the  Thing 
itfelf,  or  for  want  of  Power  to  move  them 
differently,  but  becaufe  of  the  Utility  and 
Advantage  that  arifes  from  fuch  Motions. 
Hence  Children,  for  fome  Time  after  Birth, 
may  be  obferved  to  look  differently  with  both 
Eyes,  till,  from  the  Advantage  they  find  in 
moving  them  the  fame  Way,  they  come  at 
length  to  move  them  always  uniformly ;  which 
uniform  Motion  does  at  laft  become  fo  neceifa- 
ry,  as  to  render  any  other  Motion  impodible ; 
it  being  certain,  that  Cuftom  and  Habit  does 
render  many  Actions  neceffary,  which  are  not 
dTentially  fo. 

This  being  the  Cafe  with  Refpect  to  the 
uniform  Motion  of  our  Eyes,  it  follows,  that, 
when  the  Sight  of  both,  or  either  of  the  Eyes, 
is  fo  defective,  weak  or  imperfect,  as  to  difap- 
point  us  of  the  Advantages  that  naturally 
arife  from  their  uniform  Motion,  the  Mind 
will  not  accuftom  itfelf  to  this  Sort  of  Motion, 
but  will  preferve  its  natural  and  connate  Liberty 
of  moving  them  differently.  An  Example 
of  this    may  be  had  in   thofe,  who,  from  a 
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Cataract,  or  Gutta  Serena,  have  been  blind 
from  the  Birth,  in  both  or  either  of  their  Eyes ; 
and  that  the  fame  Thing  may  alfo  happen, 
when  the  Difeafe  is  of  a  later  Date,  items 
evident  from  what  Plempius  obferves, 
(Ophthalmograph,  lib.  iv.  Problem.  13-.)  of  a 
Girl,  who  became  blind  from  a  Gutta  Serena 
in  the  5th  Year  of  her  Age.  This  Girl, 
finding  no  further  Advantage  after  being  blind, 
in  moving  her  Eyes  the  fame  Way,  came  at 
laft  to  forget  the  Habit  fhe  had  formerly  ac- 
quired in  the  four  Years  fhe  faw,  and  moved 
her  Eyes  differently,  fometimes  their  Axes  being 
parallel,  fometimes  converging,  and  at  ,other 
times  diverging. 

The  Prognoftic  in  this  Cafe  is  the  fame 
with  that  of  the  Difeafe  from  which  it  proceeds, 
and  the  Phenomena  are  fo  obvious  from  what 
has  been  already  faid,  that,  to  fay  anymore, 
would  be  but  to  make  Repetitions. 

§  28.  Sixthly,  Another  Caufe  from  which 
the  Strabifnus  may  proceed,  lies  hi  the  Mufcles 
that  move  the  Eye.  When  any  of  thofe 
Mufcles  are  too  fhort  or  too  long,  too  tenfe 
or  too  lax,  or  are  feized  with  a  Spafm  or 
Paralyfh,  their  Equilibrium  will  be  deftroyed, 
and  the  Eye  will  be  turned  towards,  or  from 
that  Side  where  the  Mufcles  are  faulty. 

In  this  Cafe,  the  Difeafe  frequently  yields  to 
Medicine ;  and  therefore  admits  of  a  favourable 
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Prognoftic,  excepting  only,  when,  by  a  Fault 
in  the  firft  Conformation,  any  of  the  Mufcles 
are  longer  or  /hotter  than  their  Antagonift ; 
in  which  Cafe,  if  ever  it  fhould  happen,  no 
Medicine  can  be  of  any  Value. 

As  to  what  concerns  the  optical  Phenomena, 
they  are  the  fame  here  as  in  Czfcfrjft;  only 
when  the  Difeafe  commences  not  till,  by 
Cuftom  and  Habit,  the  uniform  Motion  of 
the  Eyes  has  been  rendered  neceffary,  all  Ob- 
jects do  for  fome  Time  appear  double;  of  which 
we  have  given  fome  Examples  above ;  but  in 
Time  they  appear  fmgle,  for  the  Reafons  al- 
ready explained. 

§  29.  Lajily,  This  Want  of  Uniformity  in 
the  Motions  of  our  Eyes,  may  proceed  from 
a  preternatural '  Adhefion  or  Attachment  to  the 
Eye-lids :  Of  this  we  have  already  given  an 
Example  from  La-ngius  ;  and  that  the  fame 
Thing  may  alfo  be  occafioned  by  a  Tumour 
of  any  Kind  within  the  Orbit,  preffing  the 
Eye  afide,  and  reftraining  it  from  following 
the  Motions  of  the  other,  is  fo  evident,  that 
I  need  not  bring  Inftances  to  prove  it ;  thofe 
who  defire  fuch,  may  confult  Obfervators.  Here 
alfo  the  Cafe  may  admit  of  a  favourable 
Prognoftic;  and,  as  for  what  concerns  the 
optical  Phenomena,  they  mull  be  the  fame  as 
in  the  Cafe  immediately  preceeding. 

CHAP. 
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CHAP.     II. 

Of  the  ereS  Appearance  of  ObjeBs. 

Sect  1.  TN  explaining  the  Manner  of  Vifi- 
X  on,  and  the  Adtion  of  the  Humours 
of  the  Eye,  it  was  demon  ft  rated,  that  the 
Images  of  vifual  Objedts  are  painted  on  the 
Retina  in  an  inverted  Order ;  that  is,  the  up- 
per Part  of  the  Objedt  makes  the  lower  Part 
of  the  Pidture,  and  the  Right-iide  of  the 
Objedt  makes  the  Left-fide  of  the  Pidture, 
and  fo  of  the  other  Parts.  This  gives  occafion 
to  the  Queftion  now  before  us,  How  we  come 
to  judge  rightly  of  the  eredt  Pofition  of  Ob- 
jects, fince  their  Pidtures  on  the  Retina  are  al- 
ways inverted? 

§  2.  To  this  I  anfwer,  That  the  Mind  never 
fees  any  Pidture  painted  on  the  Retina,  and 
confequently  never  judges  of  the  Objedt  from 
what  it  obferves  in  this  Pidture ;  for  it  has  al- 
ready been  proved,  that  all  our  Senfations  are 
prefent  with  the  Mind  and  in  the  Senforium  ; 
and  that,  in  feeing  any  Objedt,  the  Mind,  by 
virtue  of  a  connate  immutable  Law,  to  which 
it  has  always  been  fubjedted,  traces  back  its  own 
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Senfation  from  the  Senforium  to  the  Retina, 
and  from  thence  outwards,  along  Right-lines 
drawn  perpendicularly  from  every  Point  of  the 
Retina,  on  which  any  Impreffion  is  made  by 
the  Rays  forming  the  Picture,  towards  the  Ob- 
ject itfelf ;  by  which  Means  the  Mind  or  vifive 
Faculty  does  always  fee  every  Point  of  the 
Object,  not  in  the  Senforium  or  Retina,  but 
without  the  Eye  in  thefe  perpendicular  Lines : 
Butthefe  perpendicular  Lines  do  nearly  coincide 
with  the  Axes  of  the  feveral  Pencils  of  Rays 
that  flow  to  the  Eye  from  the  feveral  Points 
of  the  Object,  and  fince  the  Mind  has  alfo 
a  Power  of  judging  rightly  of  the  Diftance  of 
Objects,  it  from  thence  follows,  that  every 
Point  of  the  Object  muft  appear,  and  be  feen 
in  the  Place  where  it  is ;  and  confequently  the 
Object  itfelf  muft  appear  in  its  true  erect  Pofition, 
notwithftanding  its  Picture  on  the  Retina  is  in- 
verted. This  I  had  occafion  to  fay  fomething 
of  befofe  ;  and  therefore  I  need  not  enlarge 
further  on  it  in  this  Place. 
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C  H  A  P.     IIL 

Of  the  Colour  of  ObjecJs. 

Sect,   i . r  1  ^H  E  third  Phenomenon  of  Vifl- 
X     on  which  we  muft  examine,  is 
the  Colour  of  Bodies.      About  which  there 
have  been  a  great  many  different  Opinions. 

The  Peripatetics  affirm,  that  Colours  are 
real  Qualities  inherent  in  the  coloured  Bodies, 
and  fuppofe  that  Light  doth  only  difcover 
them,  and  render  them  vifible,  but  not  any 
ways  produce  them. 

Plato  thought  Colour  to  be  a  kind  of 
Flame,  confiding  of  mod  minute  Particles, 
very  congruous  to  the  Pores  of  the  Eye,  and 
darted  againft  it  from  the  Object ;  and  fome 
Moderns  will  have  Colour  to  be  a  kind  inter- 
nal Light  of  the  more  lucid  Parts  of  the  Objedt, 
darkened,  and  confequently  altered,  by  the 
various  Mixtures  of  the  lefs  luminous  Parts. 

Others,  as  did  fome  of  the  antient  Ato- 
mifts,  maintain  Colour  not  to  be  a  lucid  Stream 
of  refle&ed  Light,  but  a  corporeal  Effluvium 
iffuing  out  of  the  coloured  Body. 

Others 
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Others  again  account  for  all  Colours,  out 
of  the  various  Mixture  of  Light  and  Dark- 
nefs  :  -And  the  Chymifts  fometinies  will  have  it 
arife  from  the  Sulphur,  and  fometimes  from 
the  Salt  that  is  in  Bodies;  and  fome  alfo  will 
have  it  to  proceed  from  the  third  Hypoftatic 
Principle,  Mercury, 

The  Cartefiaw,  who  make  the  Senfation  of 
Light  to  be  the  Impulfe  made  on  the  Eye  by 
certain  folid,  but  very  minute  Globules  eafily 
permeating  the  Pores  of  the  Air,  and  other 
diaphanous  Bodies ;  thefe,  I  fay,  derive  Co- 
lours from  the  various  Proportion  of  the  direfl; 
Progrefs  or  Motion  of  thefe  Globules  to  their 
Circumrotation  or  Motion  round  their  own 
Centres ;  by  which  Means  they  are  qualified  to 
ftrike  the  optic  Nerves  after  diflind  and  divers 
Manners,  and  fo  do  produce  the  Perception  of 
various  Colours. 

Dr.  Hook,  in  his  Micrograpbia,  fays,  the 
Phantafm  of  Colour  is  caufed  by  the  Senfation 
of  the  oblique  or  uneven  Pulfe  of  Light ;  and 
that  this  is  capable  of  no  more  Varieties  than 
two,  which  arife  from  the  two  Sides  of  the  ob- 
lique Pulfe ;  fo  that,  with  him,  there  is  in  Rea- 
lity but  two  fimple  Colours  in  the  World,  viz. 
Red  and  Blue.  Red,  fays  he,  is  an  ImprefRon 
on  the  Retina,  made  by  an  oblique  and  confu- 
fed  Pulfe  of  Light,  whofe  ftrongeft  Part  pre- 
ceeds,  and  its  weaken:  follows :  And  Blue,  he 
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fays,  is  an  Impreffion  on  the  Retina  made  by  an 
oblique  and  confufed  Pulfe  of  Light,  whofe 
weakeft  Part  preceeds,  and  its  flrongeit  follows : 
From  the  Mixture  of  which  two  Colours,  and 
a  due  Proportion  of  Black  and  White  (that 
is,  Darknefs  and  Light,)  he  fuppofes  all  other 
Colours  may  be  produced. 

In  the  Memoirs  of  the  Royal  Academy  of  Sci- 
ences, there  is  an  Account  of  a  Theory  of  Light 
and  Colours,  which    was    ftarted  by  Father 
Mal ebran ch e.     He  thinks,  that  they  arife 
from  Vibrations  of  the  minute  and  infenfible 
Parts  of  Bodies,  as  Sounds  do ;  and  therefore, 
according  to  the  Degree  of  the  Rapidity  of  the 
Motion  of  the  Parts  of  the  luminous  Body,  it 
will  appear  enlightened  more  orlefs;  and,  in 
lelfer  Degrees  of  fuch  vibrating  Motions,  it  will 
appear  not  luminous,  but  of  fuch  and  fuch  a  Co- 
lour.      But  thofe  who  are  curious,  and  defire 
further  Satisfaction  in  thefe  feveral  Hypothefes, 
invented  for  explaining  the  Nature  and  Variety 
of  Colours,  mult  have  Recourfe  to  the  Authors 
themfelves;    for  it  is  impoffible  to  put  them  in 
a  full   good  Light,    without  taking   up   too 
much  Time;    which  we  are  unwilling  to  do, 
efpeciaily  that  now  they  are  all  rejected  as  er- 
roneous. 

§  2.  That  we  may  therefore  give  fome  bet- 
ter Account  of  the  Colours  of  Bodies  than  thefe 

juft 
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juft  now  mentioned,  it  niufl  be  obferved, 
that  Colours  may  be  confidered  five  feveral 
Ways  : 

i  mo,  They  may  be  confidered  as  Properties 
inherent  in  the  Light  itfelf. 

idoy  As  Qualities  refiding  in  the  Body  that 
is  laid  to  be  fo  and  fo  coloured. 

pio,  Colours  may  be  confidered  as  the  Paf- 
fion  of  our  Organ  of  Sight,  or,  which  is  the 
fame  Thing,  the  Agitation  of  the  Fibres  of 
the  Retina  by  the  Impulfe  or  Stroke  received 
from  the  Light,  which  Agitation  is  communi- 
cated to  the  Senforium  where  the  Mind  refides, 
elfe  it  could  perceive  nothing. 

4f>,  They  may  be  confidered  as  the  Paf- 
fion,  Senfation  or  Perception  of  the  Mind  it- 
felf, that  is,  the  Idea  excited  therein  by  the 
Agitation  of  our  Organs,     And, 

5to9  Colours  may  be  confidered  as  the  Judg- 
ment which  our  Mind  forms  when  it  con- 
cludes, that  that  which  feels  or  perceives  is 
in  the  Body  itfelf  faid  to  be  coloured,  and  not 
in  the  Mind, 

ThefenVe  Things,  as  is  eafy  to  fee,  are  very 
different,  and  yet  they  are  frequently  con- 
founded, as  if  they  were  one  and  the  fame 
Thing,  tho'  it  is  evident,  that  no  Body  can  talk 
intelligibly  either  of  Colours,  or  of  any  of  our 
other  Senfations,  without  diftinguilhing  them 
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carefully.  I  fliall  therefore  Difcourfe  fep^rately 
of  all  thefe  Particulars. 

And  Fir  ft.  Of  Colours  confidered  as  Proper- 
ties inherent  in  the  Light  itfelf. 

What  thefe  Properties  are,  I  have  before  ob~ 
ferved,  was,  in  the  Year  1666,  firft  difcovered 
by  the  incomparable  Newton,  and  after- 
wards publifhed  in  the  Pbilofophical  Tranfafii- 
onsy  where  he  alfo  gave  a  Specimen  of  the 
Experiments  he  made  for  confirming  his 
DocTxine.  After  that,  in  the  Year  1704,  the 
fame  great  Man  propofed  the  fame  Doctrine 
more  fully  in  his  beautiful  Treatife  of  Optics, 
and  confirmed  it  with  great  Variety  of  con- 
vincing Experiments ;  where  he  has  demon- 
ftrated,  that  Light  is  not  all  fimilar  and  ho- 
mogeneal,  but  compounded  of  Hetrogeneal  and 
diffimilar  Rays,  each  of  which  are  endowed 
with  different  Properties,  fome  at  like  Inci- 
dence being  more  refrangible,  and  others  leis 
refrangible;  and  thofe  that  are  moft  refran- 
gible, are  alfo  moft  reflexible,  and  according 
as  they  differ  in  Refrangibility  or  Reflexibility, 
they  are  endowed  with  a  Power  of  exci- 
ting different  Motions  or  Agitations  in  our  Re- 
tina ;  which  being  propagated  thro'  the  Nerves 
to  the  Senforuim,  give  us  thofe  different 
Ideas  which  we  call  Colours:  For  to  the 
fame  Degree  of  Refrangibility  ever  belongs  the 
fame  Colour,  and  to  the  fame  Colour  ever 
belongs  the   fame  Decree    of  Refrangibilitv. 

The 
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The  lead  refrangible  Rays  are  difpofed  to  ex- 
hibit a  red  Colour,  and  no  other ;  and  con- 
trarily,  thofe  Rays  which  are  difpofed  to  ex- 
hibit a  red  Colour,  are  all  the  leaft  refran- 
gible :  The  mod  refrangible  Rays  are  all 
difpofed  to  exhibit  a  deep  violet  Colour,  and 
no  other;  and  contrarily,  thofe  that  are  apt 
to  exhibit  fuch  a  violet  Colour,  are  all  the 
moit  refrangible  :  And  fo  all  the  intermediate 
fimple  prifmatic  Colours,  Indigo,  Blue,  Green, 
Yellow,  Orange,  belong  to  intermediate  De- 
grees of  Refrangibility.  And  this  Analogy 
betwixt  Colours  and  Refrangibility  is  very  pre- 
cife  and  ftricl:,  the  Rays  either  exactly  a- 
greeing  in  both,  or  proportionally  differing  in 
both.  Colours,  therefore,  confidered  as  Pro- 
perties of  Light,  are  not  Modes  or  Qualificati- 
ons of  Light  derived  from  the  various  Termi- 
nations of  Light  and  Shadow,  or  from  Re- 
fractions or  Reflections  of  natural  Bodies,  as 
was  the  general  Opinion  of  former  Philofo- 
phers,  but  original  connate  and  immutable 
Properties,  which,  in  divers  Rays,  are  divers ; 
fome  Rays,  when  alone,  being  of  filch  a  Mag- 
nitude and  Solidity,  as  difpofes  them,  by 
linking  the  Retina,  to  exhibit  a  red  Colour, 
and  no  other ;  fome  an  Orange,  and  no  o- 
ther ;  and  fome  a  Yellow,  and  no  other ;  and 
fo  of  the  reft  of  the  fimple  Colours,  Green, 
Blue,  Indigo  and  Violet.     But  when  they  are 

mixed 
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mixed  and  blended  promifcuoufly,  they  ex- 
hibit compound  Colours  of  different  Sorts, 
according  as  the  Light  is  compofed  of  more 
or  fewer  of  the  different  coloured  Rays, 
or  as  they  are  mixed  in  various  Propor- 
tions. 

§  3.  The  fecond  Way  how  Colours  may  be 
confidered  is,  as  they  are  Qualities  refiding 
in  the  .Body  that  is  faid  to  be  of  fuch  or  fuch 
a  Colour  ;  and,  in  this  Senfe,  Colours  are  no- 
thing but  the  various  Difpolitions  of  the  Sur- 
faces of  Objects,  whereby  they  are  qualified  to 
reflecT:  the  Rays  of  one  Sort  of  Colour  in  great- 
er Plenty  than  the  other  Colours,  and,  upon 
that  Account,  the  Objects  appear  of  this  or  that 
Colour. 

Thus  Minium,  and  other  Red  Bodies,  re- 
flect the  red  Rays  moil  copioufiy,  and  thence 
appear  red;  Violets,  and  all  other  Bodies  of 
the  like  Colour,  refledt  the  violet  Rays  in 
greater  Abundance  than  the  reft,  and  thence 
have  their  Colour ;  and  fo  of  other  Bodies, 
every  Body  reflecting  the  Rays  of  its  own 
Colour  more  copioufiy  than  the  reft,  and  de- 
riving its  Colour  from  the  Excels  and  Pre- 
dominancy of  thofe  Rays  in  the  reflected 
Light:  For  tho'  all  Bodies  appear  of  the 
fame  Colour  when  placed  together  in  the 
Light  of  any  one  Colour,  yet  every  Body  looks 
more  fplendid  and  luminous  in  the  Light  of  Us 
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own  Colour  than  in  that  of  any  other ;  which 
puts  it  paft  Dilpute,  that  every  Body  reflects  the 
Rays  of  its  own  Colour  in  greater  Abundance 
than  it  does  the  reft,  and  thence  has  its  Co- 
1  our. 

As  natural  Bodies  appear  of  divers  Colours, 
according  as  they  are  difpofed  to  refiedt  moll 
copioufly  the  Rays  originally  endowed  with 
thofe  Colours,  fo,  from  the  different  Proporti- 
ons which  the  predominant  Rays  bear  to  the 
reft  of  the  reflected  Light,  arife  different  Shades 
or .  Degrees  of  thofe  Colours,  Where  the 
predominant  Rays  are  very  numerous  in  propor- 
tion to  the  reft,  the  Colour  appears  ftrong 
and  full  ;  but  as  the  Excefs  of  the  predo- 
minant Rays  leffens,  the  Colour  from  the 
Mixture  of  the  other  Rays  abates  of  its  Liveli- 
nefs,  and  becomes  more  faint  and  dilute ;  and 
when  all  the  Rays  are  equally  reflected,  fo  as 
that  no  one  Kind  predominates,  the  Colour 
becomes  white ;  for  Whitenefs,  as  I  have  be- 
fore obferved,  is  a  Mixture  of  all  the  Colours ; 
and  it  is  more  or  leis  intenfe,  in  proportion  as 
the  reflected  Rays  are  more  or  fewer  in  Num- 
ber. All  Greys,  Duns,  Ruffes,  Browns,  and 
other  dark  and  dirtv  Colours,  down  to  the 
deepeft  Black,  being  but  fo  many  lelTer  De- 
grees of  White,  and  differ  from  perfect  Whites 
on  no  other  Account,  but  that  they  confift  of 
a  lefl'er  Quantity  of  Light,  and  confequently 
appear  lefs  glaring  and  luminous. 

§4i 
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§  4.  Now,  the  Reafon  why  Bodies  reflect 
this  or  that  Kind  of  Ray  more  copicufly  than 
the  Reft,  and  confequently  appear  of  this  or 
that  Colour,  depends  altogether  on  the  Size 
and  Dcnfity  of  the  Particles  of  which  the 
Bodies  are  compofed  ;  Particles  of  coloured 
Bodies  reflecting  Rays  of  different  Colours  ac- 
cording to  their  different  Magnitudes  and  Den- 
fities,  as  has  been  fully  proved  by  Sir  Isaac 
Newton,  from  Experiments  and  Obfervati- 
ons  made  on  the  Colours  of  thinned  Bodies  of 
Air,  Water  and  Glafs ;  by  the  Help  of  which,  he 
has,  in  the  fecond  Book  of  his  Optics,  given  us 
a  Table  containing;  feven  Orders  or  Series  of 
Colours,  together  with  the  Thickneffes  of  the 
Particles'  of  Air,  Water  and  Glafs,  which  ex- 
hibit the  feveral  Colours  in  each  Order ;  which 
Thickneffes  are  expreffed  in  Parts,  whereof 
ten  hundred  Thoufand  make  an  Inch.  The 
firft  Part  of  that  Table  is  here  laid  before 
you,  and,  by  Infpection  thereof,  it  will  be 
found,  that,  in  each  Order  of  Colours,  -.the 
Red  is  reflected  by  Particles  of  the  great- 
eft  Thicknefs,  and  that  the  Thickneffes 
of  the  Particles  which  reftedt  the  other  Co- 
lours, grow  lefs  and  lefs,  as  the  Colours  which 
they  reflect  are  more  and  more  removed  from 
the  Red.  It  is  likewife  manifeft,  from  the 
fame  Table,  that,  among  the  Particles  which 
reflect  one  and  the  fame  Colour,  thofe  which 

have 
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have  the  greateft  Denfity,  have  the  leaft 
Thicknefs.  Thus,  for  Inftance,  the  Thick- 
nefs  of  a  Particle  of  Glafs,  which  refle&s  the 
Scarlet  ofthefecond  Order,  is  but  12-f- ;  where- 
as, the  Thicknefs  of  Water,  which  reflects  the 
fame  Colour,  is  14^,  and  that  of  Air  (till 
greater,  to  wit,  197:  So  that  the  Thickriefles 
of  the  Particles  vviiich  reflect  any  Colour  in- 
creafe  as  their  Denfities  lelfen ;  for  which 
Reafon,  Particles  of  the  fame  Thicknefs  may 
reflect  different  Colours,  provided  their  Denfi- 
ties he  unequal.  Thus  the  Particles  of  Air, 
which  reflect  the  Violet  of  the  fecond  Order, 
have  very  nearly  the  fame  Thicknefs  with 
Particles  of  Water,  which  refled  the  Green, 
as  alfo  with  the  Particles  of  Glafs,  which  reflect 
the  Orange  of  the  fame  Order. 
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From  what  has  been  faid  concerning  the 
Colours  of  natural  Bodies,  confidered  as  be- 
longing to  the  Objeft,  it  follows,  that,  if  any 
Change  be  made  in  the  Size  or  Denfity  of  the 
Particles  whereof  a  Body  is  compofed,  the  Co- 
lour of  the  Body  will  likewife  be  changed ; ,  for 
which  Reafon,  if  two  colourlefs  Liquors  be  mix- 
ed together,  they  may,  in  mixing,  fuffer  fuch 
Changes  in  the  Size  and  Denfity  of  their  Parts, 
from  their  mutual  Adtions  one  upon  another, 
as  to  become  opaque  and  coloured  ;  and  fuch 
Liquors  as  are  coloured  may,  for  the  fame 
Reafon,  when  mixed  together,  either  become 
tranfparent  and  colourlefs,  or  of  fuch  a  Colour 
as  is  different  from  the  Colour  of  either,  before 
the  Mixture.  But  we  muft  remit  thofe,  who 
defire  full  Satisfaction  in  this  and  the  foregoing 
Point,  to  that   admirable  Treadle  of  Optics 

written 
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written  by  Newton  ;  for  it  is  impoffible  to 
feparate  the  Parts  of  this  Work  from  one  ano- 
ther, without  Difadvantage  to  them,  or  to  fum 
them  up  in  lefs  Room,  without  lofing  many 
Things,  as  true  and  ufefui,  as  they  are  beauti- 
ful and  entertaining:  That  great  Man  having 
before  ihewn,  how  far  Numbers  in  Geometry 
would  go  in  natural  Philofophy,  has,  in  his 
Optics,  manifefted  to  the  World  to  what 
furprizing  ■  Height  even  vulgar  Experiments, 
duly  managed  and  carefully  examined,  in  fuch 
Hands,  may  advance  it. 

§  5.  The  third  Manner  in  which  Colours 
may  be  confidered,  is  the  Paflion  of  our  Organ 
of  Sight,  that  is,  the  Motions  or  Vibrations 
excited  in  the  Fibres  of  the  Retina  by  the  Im- 
pulfe  or  Stroke  received  from  the  Rays  of 
Light;  which  Motions  or  Vibrations  being 
propagated  along  the  folid  Fibres  of  the  Optic 
Nerves  into  the  Brain,  caufe  the  Senfation  of 
Colours.  For  the  Rays  of  Light  being  Corpuf- 
cles  of  differentMagnitudes,  will,  by  flriking  the 
Retina,  excite  Vibrations  of  different  Bignefles, 
which,  according  to  their  Bignefles,  muft  ex- 
cite Senfations  of  feveral  Colours,  much  after 
the  Manner  that  the  Vibrations  of  the  Air,  ac- 
cording to  their  feveral  BigneiTes,  excite  Sen- 
fations of  feveral  Sounds ;  and  particularly  the 
fmaiieft  or  mod  refrangible  Rays  will  excite 
the  fliorteft  and  weaken:  Vibrations  for  ma- 
king 
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king  a  Senfation  of  deep  Violet,  the  largefb 
or  lead  refrangible  Rays,'  the  largeft  and 
ftrongeft  Vibrations  for  making  a  Senfatl- 
011  of  deep  Red,  and  the  feveral  intermedi- 
ate Sorts  of  Rays,  Vibrations  of  federal  in- 
termediate Bigneffes,  to  make  Seniations  of 
the  feveral  intermediate  prifmatic  Colours ; 
but  when  the  feveral  Heterogeneal  Rays  are 
blended  together  promifcuoufiy,  they  mufl  then, 
in  falling  upon  the  Retina,  excite  feveral  other 
different  Sorts  of  Vibrations,  for  making  the 
Senfations  of  the  feveral  compound  Colours ; 
which  will  therefore  differ  among  themielves, 
according  as  the  Light  is  compofed  of  more 
or  fewer  of  the  different  coloured  Rays, 
or  as  they  are  mixed  in  various  Proporti- 
ons. 

§  6.  From  this  it  is  eafy  to  fee,  how  it  comes 
to  pafs,  that,  when  a  Man  in  the  Dark  preffes 
either  Corner  of  his  Eye  with  his  Finger,  and 
turns  his  Eye  away  from  his  Finger,  he  will 
fee  a  Circle  of  fiery  Colours  like  thole  in  the 
Feather  of  a  Peacock's  Tail.  If  the  Eye  and 
the  Finger  remain  quiet,  thefe  Colours  vanifh 
in  a  fecond  Minute  of  Time  ;  but  if  the  Finger 
be  moved  with  a  quivering  Motion,  they  ap- 
pear again.  Thcfe  Colours  can  arife  from 
nothing  but  fuch  Motions  or  Agitations  ex- 

o  fc> 

cited  in  the  Bottom  of  the  Eye,  by  the  Preffurc 
and  Motion  of  the  Finger,  as  at  other  Times 

arc 
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are  excited  there  by  Light  for  caufing  Vifi- 
on ;  and  they  continue  about  a  Second  of 
Time,  becaufe  the  Motions  excited  in  the  Re- 
tina, for  caufing  Vifion,  do  not  prefently 
perifh,  but  are  of  a  lading  Nature  ;  and  con- 
sidering the  Laftingnefs  of  thefe  Motions, 
they  are  reafonably  thought  to  be  of  a  vi- 
brating Nature. 

And  not  unlike  this,  is  alfo  the  Appearance 
of  Fire,  which  happens  when  a  Man  receives 
a  ftroke  upon  his  Eyes ;  for  the  Motion  ex- 
cited in  the  Retina  by  fuch  a  Stroke,  being 
fimilar  to  that  which  at  other  Times  is  excited 
by  Fire,  the  Mind  will  receive  the  fame  Senfa- 
tion,  and  confequently  rauft  be  made  to  per- 
ceive a  Flafh  of  Light,  as  every  body  hath  ex- 
perienced. 

Thefe  apparent  Colours  are  not  only  feen 
when  the  Retina  fufFers  any  Motion  or  Agita- 
tion, like  what  at  other  Times  are  excited  by 
Light  coming  from  Objects ;  for  a  fimilar  Agita- 
tion in  the  Senforium  or  Origin  of  the  Nerves 
alone,  is  alfofufficient  to  give  us  thofe  Ideas : 

We  have  daily  Examples  of  this  in  Fevers, 
when  the  delirious  Patient  imagines  he  fees, 
hears  and  feels  Objedls,  which  not  being  pre- 
fent,  cannot  act  upon  the  Organs  of  Senfe  : 
But,  in  this  and  fuch  like  Difeafes,  the  State 
of  the  Brain  is  fuch,  that  the  Impreffions  made 
upon   the  Senforium  by  the  circulating  Fluids, 

are 
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are  fo  lively,  and  fo  much  a-kin  to  what  at  o- 
ther  Times  are  excited  there  by  Light  coming 
from  Objects,  that  it  is  impoffible  to  periuade 
them,  that  they  are  in  an  Error.  Neither 
needs  this  be  any  way  furprifing ;  for  none  of 
our  Senfations  proceed  from  the  Motions  exci- 
ted in  our  Organs,  but  in  fo  far  as  they  are  com- 
municated to  the  Senforium  or  Origin  of  the 
Nerves ;  and  therefore,  when  fuch  Motions  are 
excited  in  the  Senforium,  as  at  other  Times  are 
excited  there  by  Objects  acting  on  the  Organs, 
the  Mind  muft  have  the  lame  Perception,  and 
niuft  form  the  fame  Judgment  concerning  it,  as 
if  the  Object  itfelf  were  prefent,  and  acted  on  the 
Organs;  for  the  Mind  never  knows  what  pafTes 
in  the  Organs,  but  only  judges  according  to  what 
paffes  in  the  Serforium,  where  it  has  its  Refidence. 
And  this  is  the  only  rational  Account  can  be 
given  of  thefe  delirious  Imaginations,  which 
happen  in  Fevers  and  other  Difeaies. 

§.  7%  Before  I  leave  this  Subject,  it  may 
not  be  improper  to  take  notice  of  a  very  grofs, 
tho'  vulgar  Error,  into  which  the  greateft  Part 
of  Mankind  fall,  when  they  imagine  that  e very- 
Body  has  the  fame  Senfation  of  the  fame  Ob- 
ject :  As  for  Inftance,  we  are  ready  to  believe 
that  every  body  fees  Snow  wrhite,  the  Heavens 
blue,  the  Meadows  green,  and  all  other  vifible 
Objects  after  the  fame  Manner  we  fee  them. 
Many,  no  doubt,  will  wonder,  how  I  come 
thus  to  doubt  of  Things  which  are  believed^  e- 

Vol.  II  X  x  vident. 
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vident.  Neverthelefs,  it  is  certain,  that  there 
is  no  Manner  of  Reafon  for  our  thinking  fo ; 
and  tho'  we  cannot  demonftrate  mathematical- 
ly that  we  are  deceived,  when  we  think  that 
all  the  World  fee  Obje&s  after  the  fame  Manner 
that  we  do,  yet  we  can  clearly  demonftrate, 
that,  if  we  are  not  deceived,  it  is  by  the  great- 
eft  good  Chance  in  the  World ;  and  even  there 
are  not  wanting  feveral  Reafons  ftrong  enough 
to  convince  us  of  our  Error. 

For  to  be  perfuaded  of  the  Truth  of  what  I  have 
advanced,  w  emuft  obferve,  that  there  is  a  great 
Difference  betwixt  our  Senfations  and  the  Caufe 
of  our  Senfations.  The  Caufe  of  our  Senfations 
confifts  in  nothing  but  certain  Motions  or  Agi- 
tations excited,  in  our  Organs,  and  thence  pro- 
pagated to  that  Part  of  the  Brain  in  which  the 
Mind  refides ;  but  our  Senfations  themfelves, 
or  that  Which  everyone  feels  when  he  perceives 
an  Object,  are  the  Modifications  of  the  Mind 
itfelf ;  which  have  nothing  in  common  with  the 
Motions  intheBody  to  which  they  are  conne&ed; 
as  for  Inftance,  there  is  no  neceffary  Connecti- 
on betwixt  any  particular  Colour,  Tafte,  Smell 
or  Sound,  and  the  particular  Motion  in  the  Or- 
gans by  which  they  are  faid  to  be  excited ;  and 
therefore  it  is  poffible,  that  fimilar  or  like  Mo- 
tions in  the  optic  Nerve  of  different  Perfons, 
may  not  give  them  the  fame  Sort  of  Senfation, 
that  is,    make  them    fee   the   fame    Colour. 

Thus, 
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Thus  the  Motion  which  caufes  Rednefs  in  one, 
may  cauie  the  Senfation  of  green  or  blue  in 
another,  or  even  fome  other  new  Senfation, 
which  no  body  before  has  ever  felt  or  dreamed 
of. 

All  this  is  at  leaft  poffible  ;  neither  are  there 
any  Arguments,  by  which  the  contrary  can  be 
proven :  Yet  we  cannot  but  own,  that  it  is  not 
probable ;  for  it  is  reafonable  to  believe,  that 
Nature  ads  always  after  the  fame  Manner  in  the 
Union  which  it  has  fixed  betwixt  our  Minds  and 
Bodies ;  and  that  it  has  connected  the  fame  I- 
deas  and  Senfationsto  the  fame  Sort  of  Motions 
excited  in  the  Organs  and  Senforium  of  different 
Perfons.  But  then,  fuppofmg  this  true,  and  that 
the  fame  Motions  or  Agitations  excited  in  the 
Organs  and  Senforium  are  in  every  body  always 
accompanied  with  the  fame  Sort  of  Senfations, 
it  follows,  that,  if  the  fame  Object  does  not 
produce  the  fame  Motion  in  the  Organs  of  dif- 
ferent perfons,  it  will  not  excite  the  fame  Senfa- 
tion in  their  Mind. 

But  it  is  evident,  that  the  Organs  of  Senfe, 
which,  in  different  Perfons,  are  differently  dif- 
poied,  cannot  receive  the  fame  Impreflions 
from  the  fame  Object ;  and  therefore,  when 
thefe  different  Impreflions  are  tranfmitted  to  the 
Brain,  the  Mind  mud  receive  different  Senfa- 
tions :  As  for  Inftance,  the  Blows  which  Por- 
ters 
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ters  and  Seamen  do  give  themfelves  for  warm- 
ing them  when  cold,  would  hurt,  pain,  and 
even  maim  others,  whofe  Bodies  and  Organs  are 
more  tender  and  delicate;  the  fame  Stroke 
does  therefore  produce  different  Motions,  and 
confequently  excites  different  Senfations  in  a 
Man  of  a  firm  robuft  Conftitution,  and  in  a 
Child  or  Woman  of  a  weak,  foft  and  delicate 
Completion.  And  thus  you  fee,  that  fmce 
there  are  not  two  Men  in  the  World,  of  whom 
we  are  certain  that  they  have  their  Organs 
of  Senfe  in  a  perfect  Conformity,  we  can  never 
be  certain  that  there  are  two  Men  in  the  World, 
that  have  the  lame  Senfation  of  the  fame  Object. 
It  is  from  this,  that  that  ftrange  Variety, 
to  be  found  in  the  Inclinations  of  Men,  does 
proceed.  Some  are  paffionate  Lovers  of  Mu- 
fic, others  are  intirely  infenfible  of  its  Charms; 
and,  eveji  among  thofe  that  delight  therein, 
fome  like  one  Sort  of  Mufic,  others  another ; 
according  to  the  different  Difpofitions  of  their 
auditory  Nerves,  Blood,  and  Spirits.  And 
what  we  havefaid  of -Mufic  and  Sounds,  does 
aifo  take  place  in  Smells:  Some  admire  the 
Smell  of  Orange  and  Jeffamine  Flowers,  who 
cannot  bear  that  of  the  Rofe ;  others  are 
charmed  with  the  Smell  of  Rofes ,  and  abhor 
that  of  the  Orange.  As  for  Taftes,  there  is 
as  great  a  Variety,  as  in  any  other  Senfation  ; 
Sauces  mult  be  altogether  different  for  to  pleafe 

equally 
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equally  different  Perfons,  and  to  pleafe  equal- 
ly the  fame  Perfon  at  different  Times;  onelikes 
what  is*  fweet,  and  another  what  is  four ;  one 
loves  the  Tafte  of  Wine,  another  naufeates  it ; 
and  even  the  fame  Perfon  who  thinks  it  agree- 
able when  in  Health,  thinks  it  is  deteftable  when 
in  a  Fever.  And  the  fame  Thing  holds  true 
in  the  other  Senfes :  But  every  Body  loves  Plea- 
fure;  they  love  all  the  agreeable  Senfations  ; 
in  this  they  have  all  the  fame  Inclination;  and 
therefore  it  is  evident,  thatthev  do  not  receive 
the  fame  Senfation  from  the  fame  Object, 
fmce  they  do  not  all  equally  love  it.  Thus, 
when  a  Man  fays,  he  likes  what  is  fweet,  this 
is  becaufe  the  Senfation  thereof  is  agreeable  to 
him;  and  when  another  fays  he  likes  not  what 
is  fweet,  this  happens  becaufe  he  has  not  the  fame 
Senfation  with  the  other  that  likes  it;  and  there- 
fore, when  he  fays,  he  likes  not  what  is  fweet, 
we  are  not  to  underftand  that  he  likes  not  to 
have  the  fame  Senfation  with  the  other,  but 
only  that  he  has  it  not :  So  that  we  fpeak  im- 
properly, when  we  fay,  that  he  likes  not  what 
is  fweet ;  we  ought  to  fay,  that  he  likes  not 
Sugar  or  Honey,  which  every  Body  elfe  feels 
fweet  and  agreeable,  and  which  he  feels  other^ 
wife,  becaufe  the  nervous  Fibres  of  his  Tongue 
are  other  wife  difpofed. 

But,  to  render  this  Matter  ftill  more  clear  and 
evident,    I  fliall  illuftrate  it  by  an   Example 

that 
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that  is  more  fenfible.  Suppofe  then  that,  of 
fix  Perfens,  there  are  fome  whofe  Hands 
are  extremely  cold,  and  who  are  ignorant 
of  the  Names  ufed  by  us  in  Britain  to  ex- 
preis  the  Senfations  of  Cold,  and  Heat ;  and, 
on  the  contrary,  fuppofe  that  the  Reft 
have  their  Hands  extremely  hot;  if  a  Ba- 
fon  of  ordinary  Water  be  brought  them  for 
wafhing  their  Hands,  thofe  whofe  Hands  are 
very  warm,  as  foon  as  they  begin  to  wafh, 
will  feel  the  Water  extremely  cold,  becaufe 
vaftly  colder  than  their  hot  Hands ;  and  there- 
fore may  fay,  that  that  Water  is  exceeding 
cold,  I  do  not  like  it;  but  the  Reft,  that  are 
ignorant  of  the  Words  Cold  and  Heat,  and  w  hole 
Hands  are  excefTively  cold,  when  they  come 
to  wafh,  will,  on  the  contrary,  fay,  I  am  fur- 
prifed  you  like  not  cold,  for  my  Part  I  take 
pleafure  in  cold  Water,  and  am  delighted 
therewith  to  wafh  my  Hands. 

It  is  very  evident,  in  this  Example,  that 
when  thofe  ialt  named  Perfons  fay,  they  like 
Cold,  nothing  is  to  be  underftood,  but  that 
they  like  Heat;  and  in  like  Manner,  when 
one  fays,  he  likes  what  is  bitter,  and  cannot 
bear  Sweetnefs,  no  more  is  meant,  than  that 
he  has  not  the  fame  Senfation  with  thofe  that 
fay,  they  like  what  is  fweet,'  and  have  an  A- 
verfion  to  every  Thing  that  is  bitter ;  for  it  is 
certain,  that  every  Senfation  that  is  agreeable 

to 
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to  one,  is  likewife  fo  to  all  who  feel  it ;  but 
becaufe  of  the  different  Difpofitions  of  the  Or- 
gans of  Senfe,  it  is  not  always  perceived  from 
the  fame  Object  And  this  I  take  to  be  of 
great  Confequence  to  be  obferved  for  Morals, 
as  well  as  for  Phyfics. 

Now,  all  thefe  Reafons,  which  fhew  that 
our  other  Seniations  are  not  alike  in  differ* 
ent  Perfons,  do  likewife  fhew  that  the  feme 
Variety  ought  to  obtain  in  the  Senfation  of 
Colours :  for  it  cannot  be  doubted,  but  there 
is  as  great  a'  Variety  in  the  Difpofition  of 
the  Organs  of  Sight  in  different  Perfons,  as 
in  thofe  of  Tafte,  Hearing,  <&c.  and  therefore 
we  may  fafely  conclude,  that  every  body  does 
not  fee  the  fame  Colour  in  the  fame  ObjedL 
And  this  is  the  Reafon  why  the  fame  Colour 
does  not  equally  pleafe ;  fome  like  one,  others 
another,  which  would  never  happen,  were  the 
Senfations  of  Colour  the  fame  in  all.  I  have 
heard  of  fome  who  were  always  made  uneafy 
by  the  Sight  of  green  Colours,  tho*  fuch  Co- 
lours are  agreeable  to  m oft  others.  Boyle 
alfo,  in  his  Obfervations  upon  vitiated  Sight, 
gives  fome  Inftances  of  Colours  appearing  dif- 
ferent from  what  they  appeared  to  others,  whole 
Eyes  were  found. 

But,  befides  the  Diverfity  of  Colours  that 
may  arife  in  different  Perfons,  from  the 
various  Difpofitions  of  the  Retinx  and  optic 
Nerves,  it  is  certain,  that  no  lefs  a  Varie- 
ty 
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ty  may  proceed  from  the  different  Colours 
with  which  the  Humours  of  the  Eye  may 
be  tinged. 

Thus,  if  they  be  tinged  with  Red,  Orange, 
Yellow,  Green,  Blue,  Indigo,  Violet,  &c 
fo  as  to  tinge  the  Pictures  in  the  Bottom  of  the 
Eye  with  thefe  Colours,  all  Objects  will  ever 
appear  tinged  with  the  fame  Colours ;  and  tho' 
they  are  feen  very  diftindtly  when  the  Tindlure 
does  not  render  the  Humours  opaque,  yet  they 
will  appear  in  the  fame  Manner  as  to  an  Eye 
that  is  perfectly  found,  when  it  looks  at  them 
through  a  Glafs,  tinged  with  the  like  Colours. 
And  that  the  Humours  of  the  Eye  are  of  various 
Colours  in  various  Perfons,  is  evident  from  many 
Obfervations ;  for  tho'  the  aqueous  Humour 
be  commonly  clear,  and  in  Confiftence  nearly 
approaching  that  of  the  White  of  an  Egg  well 
agitated  into  a  thin  Liquor,  yet,  in  different 
Ages,  both  its  Colour  and  Confiftence  is  alter- 
ed, and  in  old  Age,  it  is  frequently  whitifh ; 
the  Cryftalline  alfo  changes  its  Colour,  as  we 
advance  in  Years,  infomuch  that  Dr.  Petit 
found,  that,  in  a  Man  of  81  Years  old,  it  re- 
fembled  a  Piece  of  beautiful  yellow  Amber,  as 
has  been  before  obferved ;  and,  in  the  jaun- 
dice, the  whole  Eye  is  fo  much  tinged  with 
Yellow,  that  all  Objedts  muft  appear  tinged 
with  that  Colour,  tho'  we  may  be  infenfible  of 
it,  unlefs  when  the  Colour  is  ftrong  and  hap- 
pens 


Chap.  III.       Of  the  Colour  of  Objstfs.  -       353 

pens   fuddenly,  for  the  Reafons   formerly  ex- 
plained. 

§  8.  The  Fourth  Manner  in  which  Colours 
may  be  conficlered,  is  the  Paffion,  Senfation  or 
Perception  of  the  Mind  itfelf,  or  that  which 
all:  of  us  perceive  when  we  look  at  any 
Object. 

It  is  this  only  that,  properly  fpeaking,  de- 
fences the  Name  of  Colour;  for  Colours  ia 
Objedh  are  nothing  but  their  Difpofition  to 
reflect  this  or  that  Sort  of  Kays  more  copioufly 
than  the  reft,  and,  in  the  Rays  of  Light,  they 
are  their  Difpofition  to  excite  this  or  that 
Motion  in  the  Organs  of  Vifion ;  and  in  them 
they  are  only  different  Motions  or  Vibrations 
in  the  Spirits,  or  rather  in  Newton's  fubtile 
elaftic  Mther,  which  are  propagated  thro'  the 
nervous  Fibres  to  the  Senforium.  In  all  this, 
there  is  no  Perception,  no  Senfation,  no  Colour ; 
for,  to  fpeak  truly,  Colours  are  Senfations 
produced  in  our  Mind,  and  do  not  belong 
either  to  Light,  Objects,  our  Organs,  or  any 
other  Body,  but  are  the  Modifications  of 
the  Mind  itfelf,  which  always  ftand  con- 
nected to  what  pafTes  in  the  Organs  and  Sen- 
forhnn. 

§  9.  Many  Philofophers  maintain,  that  we 
have  not  any  Knowledge  of  our  Senfations, 
and  therefore  perplex  and  puzzle  themfekes 
exceedingly,    to  find   out    and    explain   what 

Vol.  II.  Y  y  Colours, 
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Colours,  Pleafure,  Pain,  and  our  other  Senfations 
are,  tho'  they  allow  that  they  are  in  the  Mind, 
and  that  they  are  nothing  but  its  different 
Modifications. 

It  is  indeed  furprifing  to  fee  thofe  People  feek 
to  learn  what  they  are  not  ignorant  of;  for  it 
is  impoflible  they  can  be  ignorant  of  Colours, 
Pleafure  or  Pain,  when  they  perceive  them. 
Thus,  when  I  burn  my  Hand,  I  eafily  diftinguifli 
that  Pain  which  I  feel,  from  Colour,  Sound, 
Tafte,  Smell ;  I  diftinguifli  it  from  Admirati- 
on, Defire,  Love  and  Hatred ;  I  diftinguifli  it 
from  a  Square,  a  Circle  and  Motion:  In  fine, 
I  find  it  very  different  from  every  thing  which 
is  not  that  precife  Pain  which  I  feel :  How 
then  is  it  poffible  that  I  know  fo  certainly,  that 
that  which  I  feel  is  none  of  thofe  other  Things, 
if  I  had  no  Knowledge  of  thofe  Modifications 
in  which  our  Senfations  confift  ?  It  is  there- 
fore evident,  that  all  of  us  know  what  are  the 
Modifications  of  our  Mind,  when  we  fee 
Colours,  or  when  we  have  any  ether  Senfation ; 
for,  if  we  did  not  know  them,  it  would  be 
impofTible  for  us  to  diftinguifli  any  fenfible 
Object:  Water  and  Wine,  Black  and  White, 
would  ever  appear  the  fame,  did  wre  not  feel 
that  the  Senfation  of  the  one  is  very  different 
from  that  of  the  others. 

It  is  indeed  true,  that,  if  any  one  aiks  that 
I  explain   thefe  Modifications   of  the   Mind, 

in 
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in  which  Colours,  Pleafure,  Pain,  and  our 
other  Senfations  confift,  I  cannot  do  it  in 
Words;  yet  it  does  not  from  thence  fol- 
low, that,  when  I  fee  Colours,  or  am  burnt, 
I  know  not  what  thefe  Modifications  are,  in 
which  thefe  Senfations  confift. 

The  Reafon  why  Colours,  and  our  other 
Senfations,  cannot  be  explained  by  Words,  is 
becaufe  Words  are  only  arbitrary  Signs  of  Ideas 
already  perceived ;  and  therefore,  if  a  blind 
Man  aiks  me,  what  I  mean  by  a  white,  black, 
or  red  Body  ?  I  can  never  inform  him ;  becaufe 
there  is  no  neceffaiy  Connection  betwixt  Words 
and  thofe  Ideas  of  the  Mind  which  we  call 
Colours :  It  depends  intirely  on  the  Will  of 
Man,  to  conned:  fuch  Words  to  fuch  Ideas. 
When  I  fee  a  white  Body,  I  receive  a  certain 
Idea  to  which  I  may  give  any  Name  I  pleafe ; 
I  may,  with  the  Romans,  call  it  Corpus  album 9 
or,  with  the  French »,  urn  Corpjblanc;    yet  there 

is  no  neceffarv  Connection  betwixt   the  Sound 
p 

of  thefe  Words  and  the  coloured  Body,  of 
which  they  are  the  Signs;  and  therefore  a 
blind  Man,  in  hearing  thefe  or  any  other 
Words,  can  never  receive  the  Idea  of  a  white 
Body.  Thefe  Ideas  are  the  Modifications  of 
the  Mind  itfelf,  and  are  only  connected  to 
certain  Motions  excited  in  the  Retina,  optic 
Nerve  and  Senforium,  by  the  Impulfe  received 
from   the  Rays  of  Light:    It  is  therefore  in 

vain 
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vain  to  feek  to  v explain,  by  Words,  what 
Colours  are,  fince  Words  are  only  the  arbitrary 
Signs  of  Ideas  already  received ;  Colours  are 
not  at  all  attached  to  Words,  or  to  the  Mo- 
tions excited  in  the  auditory  Nerves,  but  to 
thofe  excited  in  the  optic  Nerves ;  and  there- 
fore, to  know  what  Colours  are,  Ave  muft 
firfl:  open  our  Eyes,  and  receive  thofe  Impref- 
ilons  upon  our  Organs  of  Sight,  to  which 
alone,  when  tranfmitted  to  the  Sen  for  turn,  thofe 
Modifications  of  pur  Mind,  which  we  call 
Colours,  are  connected.     But  to  proceed, 

§10.  The  fifth  Manner  in  which  Colours 
may  be  confidered,  is  the  Judgment  which 
our  Mind  naturally  forms,  when  it  concludes, 
that  that  which  it  feels  or  perceives  is  in  the 
Body  itfelf  faid  to  be  coloured,  and  not  in  the 
Mind. 

How  Body  acts  upon  Mind,  or  Mind  upon 
Body,  I  know  not ;  but  this  I  am  very  certain 
of,  that  nothing  can  acl:  or  be  aelied  upon 
where  it  is  not ;  and  therefore  our  Mind  can 
never  perceive  any  thing  but  its  own  proper 
Modifications,  and  the  various  States  and  Con- 
ditions of  the  ■Senforium  to  which  it  is  prefent ; 
for,  when  I  look  at  the  Sun  or  Moon,  it  is 
impoffi'ble  that  thefe  Bodies,  fo  far  diftant 
from  my  Mind,  can,  with  any  Propriety  of 
Speech,  be  faid  to  act  upon  it.  To  imagine 
otherwife,  is  to  imagine  Things  can  acl:  where 

they 
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they  are  not  prefent ;  which  is.  as  abfurd,  as  to 
-fuppofe,  that  they  can  be  or  exift  where  they 
are  not  prefent.  Nam  virtus  fine  fubfantia 
fiibffiere  non  potefi.  Newton  Princip.  Ma- 
themat.  SchoL  general,  fub  fin.  Thefe  Bodies 
do  indeed  emit  Light,  which  falling  upon  the 
Retina,  does  excite  certain  Agitations  in  the 
Senforium;  And  it  is  thefe  Agitations  alone 
which  can  any  way  ad:  upon  the  Mind,  and 
therein  excite  thofe  Modifications  which  we 
call  Colours':  So  that  it  is  not  the  external 
Sun  or  Moon  which  is  in  the  Heavens,  which 
our  Mind  perceives,  but  only  their  Image  or 
Reprefentation  imprefled  upon  the  Senforium. 
How  the  Soul  of  a  feeing  Man  fees  thefe 
Images,  or  how  it  receives  thofe  Ideas  from 
fuch  Agitations  in  the  Senforium ,  I  know  not; 
but  fure  I  am,  it  can  never  perceive  the  exter- 
nal Bodies  themfelves,  to  which  it  is  not 
prefent :  So  that,  properly  fpeaking,  the  Co- 
lours which  our  Mind  perceives,  when  we  look 
at  any  Objeft,  are  only  the  Modifications  of 
the  Mind  itfelf,  ariiing  from  the  Motions  ex- 
cited in  the  Senforium :  And,  when  we  ima- 
gine we  fee  thefe  Colours  in  the  external 
Objedt  itfelf,  this  certainly  is  not  a  Percep- 
tion, but  a  Judgment  or  Conclufion  whereby 
we  attribute  that  which  our  Mind  feels  to  ex- 
ternal Objedts. 

§  II. 
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§  ii.  What  we  have  faid  with  refpect  to 
Colours,  may,  without  Difficulty,  be  alio  ap- 
plied to  our  other  Senfations:  For  we  not 
only  afcribe  the  Colours  we  perceive  to  the 
Objects  we  look  at,  but  alio  we  judge  that 
our  other  Senfations  are  in  the  other  Objects 
of  Senfe. 

Thus,  when  I  tafte  Sugar,  I  conclude  it  is 
fweet,  and,  when  I  fmell  Camphire,  or  fuch 
like  odoriferous  Bodies,  I  am  naturally  inclined 
to  look  on  that  fmell  which  I  perceive  as  a 
Quality  inherent  in  the  Obi  eel: ;  and  yet  it  is 
certain,  that  thefe  different  Senfations  are  only 
the  Modifications  of  the  Mind .  itfelf ,  and  do 
not  belong  to  the  Objects,  to  which  they  are 
generally  attributed. 

§  12.  It  is  indeed  true,  that  our  Mind  does 
not  always  attribute  its  own  proper  Senfati- 
ons to  the  external  Objects  that  produce 
them ;  for  fometimes  it  afcribes  them  to  the 
Organs,  at  other  times,  both  to  our  Organs  and 
the"  Object. 

That  we  may  explain  how  this  happens,  we 
mult  confider,  that  the  Senfations  of  our  Mind 
are  of  three  different  Sorts ;  fome  are  very 
itrong  and  lively;  others  weak  and  faint; 
and  a  third  Sort  are  of  a  middle  Nature  betwixt 
both. 

Our  fhrong  and  lively  Senfations,  are  thofe 
that  touch  our  Mind  very  fenfibly,   and  as  it 

were 
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were  furprife  it,  and  rouze  it  up  with  Force  and 
Vigour ;  and  of  this  Sort  are  all  thofe  Senfa- 
tions  which  are  very  agreeable  or  painful,  fuch 
as  that  which  arifeth  when  one  is  tickled  with 
a  Feather,  or  burnt  with  the  Fire,  and,  in  gene- 
ral, when  the  Organs  fuffer  any  thing  that  is 
capable  of  hurting  or  deftroying  the  Body:  In 
all  thefe  Cafes,  our  Senfations  are  fo  brifk  and 
lively,  that  the  Mind  can  fcarce  hinder  itfelf 
from  looking  on  them,  as  in  fome  Sort  be- 
longing to  itfelf;  and  therefore  it  does  not 
judge  that  they  are  in  the  Objects,  but  believes 
them  to  be  in  the  Members  of  its  Body, 
which,  becaufe  of  the  flridt  Union  of  Mind 
and  Body,  it  confiders  as  a  Part  of  itfelf. 
Thus,  when  my  Hand  is  prickt  with  a  Pin, 
burnt,  or  otherwife  hurt,  I  am  naturally 
direfted  to  attribute  that  painful  Senfation  to 
that  Part  of  my  Hand  on  which  the  Impref- 
fion  is  made,  and  not  to  the  Fire,  Pin,  or 
other  Objedt  producing  it ;  and  yet  it  is 
certain,  tha.t  Pain  is  a  Senfation,  or  Mo- 
dification of  the  Mind  itfelf,  and  belongs 
as  little  to  our  Organs,  as  Colours  do  to 
Objects. 

The  fecond  Sort  of  Senfations  are  the  weak 
and  languishing,  in  which  the  Mind  is  but 
very  ^{lightly  touched,  and  which  are  neither 
very  agreeable  nor  difagreeable,  as  Light, 
when  not  too  ftrong,  all  manner  of  Colours, 

Taftes 
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Taftes  and  Smells,  moderate  Sounds,  <&c* 
Thefe  Senfations  do  fo  {lightly  affect  our  Mind, 
that  it  never  thinks  that  they  belong  to  it, 
nor  that  they  are  in  the  Body  to  which  it  is 
united,  but  only  in  the  external  Objedts  that 
produce  them.  It  is  for  this  Reafon  we  rob 
the  Mind  of  its  own  proper  Senfations  of 
Light  and  Colour,  therewith  to  deck  and 
imbellifh  the  Object ;  and  yet  there  is  nothing 
more  evident,  than  that  all  of  them  are  the 
Modifications  of  the  Mind  itfelf,  and  noways 
inherent  in  the  Objedts  in  which  our  Mind 
places  them. 

The  laft  Sort  of  our  Senfations  are  neither 
ftrong  nor  faint,  but  of  a  middle  Nature 
betwixt  both,  fuch  as  Heat  and  Cold,  when 
moderate,  great  Light,  violent  Sounds,  <£rr. 
And  here  it  may  be  obferved,  that  a  weak  and 
languifhing  Senfation  may  become  both  a 
middle  and  a  ftrong  One ;  as  for  Inftance,  the 
Senfation  of  Light  is  weak  when  the  Light 
of  a  Candle  or  Flambeau  is  faint,  or  when  it 
is  at  any  confiderable  Diftance  ;  but  this  Sen- 
fation may  become  a  middle  One,  if  the 
Flambeau  be  brought  near  enough  the  Eye 
for  to  dazzle;  and  likewife  it  may  become 
very  ftrong  and  vivid,  provided  that  it  be 
brought  fo  near  as  to  burn.  Thus,  the  Sen- 
fation of  Light  may  be  weak,  ftrong,  or  be- 
twixt both,  according  to  its  different  Degrees. 

New, 
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Now,  thefe  middle  Senfations  do  neither 
touch  the  Mind  very  fenfibly,  nor  very  flight- 
ly :  Hence  it  is,  that  it  is  very  much  em  bar- 
raffed  and  flraitened  where  to  place  its  Senfati- 
011;  for,  upon  the  one  Hand,  it  is  inclined 
to  follow  the  natural  Judgment  of  the  Senfes, 
in  removing  from  itfelf,  as  much  as  poffible, 
thefe  Sorts  of  Senfations,  to  attribute  them  to 
the  external  Objects;  but,  upon  the  other 
Hand,  it  cannot  altogether  hinder  itfelf  from 
looking  on  them  as  in  fome  Sort  belonging 
to  itfelf,  efpecially  if  they  approach  to  thole 
which  we  have  called  ftrong  and  brifk.  And 
this  is  the  Reafon  that  the  Mind  judges,  that 
Cold,  Heat,  and  the  other  middle  Senfations, 
are  not  only  in  the  Ice,  Fire,  and  other  Ob- 
jects producing  them,  but  alfo  in  that  Part  of 
the  Body  itfelf  upon  which  the  Impreffions  are 
made. 

Thus,  you  fee,  how  the  Mind  never  con- 
liders  its  Senfations  as  belonging  to  itfelf,  but 
always  attributes  them  either  to  the  Object, 
our  Organs,  or  both,  according  as  they  are 
of  a  fluggifh,  brifk,  or  middle  Nature ;  and 
tho'  it  is  certain,  that  they  are  the  Modificati- 
ons of  the  Mind  itfelf,  yet,  fmce  our  Senfes 
are  not  given  us  to  inform  us  what  Things 
are  in  themfelvcs,  but  only  what  they  are 
relatively  to  our  Bodies,  it  was  very  neceffary 
that  they  fhould  incline  us  to  judge  of  fenfible 

Vol.  II.  Z  z  Qualities 
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Qualities  in  the  Manner  they  do:  As  for 
Inftance,  it  is  much  more  profitable  for  us.  to 
feel  Pain  and  Heat,  as  in  our  Body,  than 
that  we  fhould  judge  them  only  in  the  Ob- 
jects that  caufed  them ;  for,  fince  they  are 
capable  of  hurting  and  deftroying  our  Mem- 
bers, it  was  neceilary  that  we  fhould  be  ad- 
vertifed,  when  they  are  thereby  attacked,  in 
order  to  fecure  our  i  elves  therefrom :  But  it  is 
not  fo  with  refpect  to  Colours ;  for  they  do 
not  ordinarily  hurt  the  Retina  on  which  they 
fall ;  and  it  is  altogether  ufeiefs  for  us  to  knew 
that  they  are, painted  there.  Colours  are  not 
neceffary,  unlefs  to  know  Objects  more 
diftinctly  and  at  a  Diftance;  and  it  is  for 
this  Reafon,  that  our  Siqht  ever  inclines 
us  to  attribute  them  to  Objects.  From  all 
which,  it  is  manifeft,  that  the  Judgments 
which  our  Senfes  induce  us  to  make  concern- 
ing the  fenfible  Qualities,  are  exceeding 
juft,  if  confidered  with  refpect  to  the  Pre- 
fervation  of  our  Bodies,  for  which  they  were 
only  given  us ;  tho',  at  the  fame  Time,  it 
is  nioft  certain,  that  they  are  altogether  ex- 
travagant, and  vaftly  removed  from  Truth. 


CHAP. 
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CHAP.     IV. 

Of  the  Magnitude  of  Objects. 

TH  E  fourth  Phenomenon  of  Vifion  is  the 
Extenfion    or    Magnitude   of    Objects, 
which  we  fhall  now  inquire  into. 

§  1.  What  the  ablbiute  Magnitude  of 
Bodies  is,  we  know  not;  for  our  Eyes  do 
never  inform  us,  what  Extenfion  is  in  itfelf 
abfolutely  confidered,  but  only  what  it  is  rela- 
tively to  that  of  our  own  Body :  For  it  is 
certain,  that  with  Microfcopes  we  may  fee 
Animals  a  great  deal  fmaller  than  a  Grain  of 
Sand  that  is  almoft  invifible ;  even  fome 
have  been  feen  a  Thoufand  Times  lefs.  Thefe 
little  living  Atoms  -move  and  walk,  as  well  as 
Man  and  other  larger  Animals;  and  therefore 
muft  have  Legs  and  Feet,  Bones  in  their  Legs 
to  fuftain  their  Bodies,  Mufcles  for  moving 
them,  Tendons  and  a  Multitude  of  Fibres 
in  each  Mufcle,  and,  in  fine,  they  muft  have 
exceeding  fubtile  Blood  and  Spirits  for  cauiing 
their  Mufcles  to  contract:  Without  this,  it 
would  be  impofllble  for  them  to  live,  move, 
and  perform  all  thoie  Actions  which  they  are 

obferved 
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obferved  to  do :  All  thcfe  Parts  are  fo  very 
fmall,  that  our  Imagination  is  aftonifhed,  and 
lofes  itfelf  in  confidering  them ;  and  tho' 
our  Reafon  convinces  us  of  their  Exiftence, 
yet  our  Senfes  and  Imagination  oppofe  them- 
i elves  thereto,  and  frequently,  by  obliging 
us  to  doubt  thereof,  throw  us  into  many  Errors. 

Our  Sight  is  very  much  limited ;  but  it 
ought  not  to  limit  its  Object.  The  Idea 
which  it  gives  us  of  Extenfion,  has  very  nar- 
row Bounds ;  but  it  does  not  from  thence  fol- 
low, that  Extenfion  is  fo  alio.  It  is  in  a 
Senfe,  without  doubt,  infinite,  and  every  little 
Particle  of  Matter,  which,  by  Reafon  of  its 
Smallnefs,  efcapes  our  Sight,  is  capable  of 
containing  a  World,  in  which  are  as  many 
Things,  tho'  lefs  in  proportion,  as  in  this  great 
World  in  which  we  live. 

The  little  Animals,  which  we  have  been 
fpeaking  of,  may  pofiibly  have  others  vaftly 
lefs  that  feed  upon  them,  and  which  are  im- 
perceptible to  them,  becaufe  of  their  extreme 
Smallnefs ;  juft  as  thofe  firft  named  Animals 
are  to  us:  For  what  thefe  little  Animals  are 
with  refpeelto  us,  thofe  others  will  be  to  the.m. 
Neither  is  it  impoffible,  but  that  there  may  be 
in  Nature  an  infinite  Series  of  leffer  and  leffer 
Animals  that  bear  the  fame  Proportion  to  each 
ether,  as  that  of  a  Man  to  a  Mite. 

:  We  have  evident  and  mathematical  Demon- 
-flratiens  of  the  Divifibility  of  Matter  in  infini- 
tum ; 
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turn;  and  that  is  fufficient  to  convince  us,  that 
there  may  bean  infinite  Series  of  fuch  little  Ani- 
mals ftill  lefs  and  lefs ;  for  God  hath  not  made 
Matter,  but  to  form  thereof  various  and  won- 
derful Works ;  and  fince  we  are  certain,  that 
there  is  no  Particle  whole  Smallnels  is  capable 
of  limiting:  his  Power  in  the  Formation  of  thefe 
little  Animals,  why  then  fliould  we  limit  it, 
and  thus,  without  Reafon,  diminiftihis  infinite 
Power,  iri  meafuring  it  by  our  narrow  and  con- 
fined Imaginations  ? 

Experience  has  already  undeceived  us  in 
Part,  in  making  us  fee  Animals  a  Thoufand 
Times  lefs  than  a  Mite ;  why  then  fhould  we 
fancy  thofe  the  lead  and  fmalleft  of  all  ?  For 
my  Part,  I  can  fee  no  Reafon  for  thinking  lb; 
on  the  contrary,  it  is  much  more  probable,  that 
there  are  ftill  Animals  a  great  deal  finaller  than 
any  yet  obferved,  and  that  little  Animals  are 
not  wanting  for  Microfcopes,  but  Microfcopes 
for  thefe  little  Animals. 

It  is  therefore  evident,  that  our  Eyes  do  not 
give  us  Ideas  of  all  thofe  Things  which  we  dis- 
cover by  Microfcopes,  and  by  Reafon.  We 
jnever  obferve  with  our  Eyes  any  Thing  lefs 
than  a  Mite ;  the  Half  of  a  Mite  is  nothing,  if 
we  believe  the  Teftimony  of  ourSenfes.  Our 
Eye  looks  on  a  Mite  as  a  mathematical  Point, 
which  cannot  be  divided,  without  being  anni- 
hilated;   whence  it  follows,     that    our  Sjght 

does 
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dees  not  reprefent  Extenfion  to  us,  fuch  as  it  is 
initfelf,  but  only  the  Relation  and  Proportion 
it  has  to  our  Body ;  and  becaufe  the  Half  of  a 
Mite  has  no  remarkable  Proportion  to  our  Bo- 
dy, and  can  neither  hurt  it,  nor  any  way  con- 
tribute to  its  Prefervation,  our  Sight  hides  it 
intirely  from  us ;  but,  were  our  Eyes  made 
like  Microfcopes,  or  were  we  ourfelves  as 
fmall  as  Mites,  we  fhould  judge  very  different- 
ly of  the  Magnitude  of  Bodies :  For  it  is  not 
to  be  doubted,  but  thefe  little  Animals  have 
their  Eyes  ib  difpofed,  as  to  fee  their  own  Bo- 
dies, and  the  Objects  furrounding  them,  a 
great  deal  larger  than  we  do ;  without  this, 
they  could  never  receive  the  neceffary  Impreffi- 
ons  from  Objects  capable  of  hurting  or  nou- 
riilling  their  Bodies,  and  confequently  their 
Eyes  would  be  intirely  ufelefsto  them. 

§  2.  But,  in  order  to  explain  this  Matter 
fully,  we  ought  to  confider,  that  our  own  Eyes 
are  really  no  other  than  a  kind  of  natural  Spe- 
ctacles; that  their  Humours  do  the  fame  Office 
as  the  Lenfes  of  dioptrical  Inftruments  ;  and 
that,  according  to  the  Figure  of  the  Cornea  and 
Chryjftalline,  and  their  Diftance  from  the  Reti- 
na y  Objects  are  feen  very  differently;  infomuch 
that  we  are  never  fure  that  there  are  any  two 
Perfoiis  in  the  World  who  fee  them  equally  big, 
becaufe  we  can  never  be  fure  that  their 
Eyes  arc  perfectly  alike.  It  is  even  very  rare, 
that  the   lame    Perfcn   fees   the  fame    Object 

equally 
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equally  big  with  both  Eyes,  as  both  Eyes 
are  very  feldom  perfectly  alike  ;  on  the  con- 
trary, we  generally  fee  Things  bigger  with 
the  left  than  with  the  Right-eye,  of  which  we 
have  fome  very  good  Obfervations  in  the  Journal 
of  the  learned  at  Rome  for  the  Year  1669. 
And  the  learned  Gassendus  tells  us,  that 
he  himfelf  had  his  Eyes  fo  made,  that  with 
the  one  he  always  faw  Obje&s  three  Times 
larger  than  with  the  other  (See  de  Chalets 
Optics,  Lib.  1.  Prop,  xxxix.)  P^Malle- 
b ran che  alfo  informs  us  of  a  Man  at  Paris 
who  faw  Objects  a  good  deal  longer  with  one 
of  his  Eyes  than  with  the  other  [Recherche  de  la 
Verite,Liv.  I.  Chap.  6.)  And  if  this  Dif- 
ference obtains  in  the  Eyes  of  the  fame  Man, 
it  cannot  be  doubted,  but  it  may  alfo  obtain 
in  the  Eyes  of  different  Men. 

§  3.  Having  converfed  with  fome  of  my 
Friends  on  this  Head,  I  find,  that  molt  of 
them  entertain  fome  Doubt,  whether  Objects 
can  be  feen  of  different  Magnitudes  on  Ac- 
count of  the  different  Convexity  of  the  Cornea 
or  Cryftalline  ;  for,  having  obferved  that  the 
Pictures  of  Objects  formed  by  a  convex  Lens 
are  always  formed  under  the  fame  Angle,  of 
whatever  Convexity  the  Lens  may  be,  they  feem 
inclined  to  imagine,  that  the  fame  Thing 
fhould  alfo  take  place  in  the  Eye ;  and  that 
therefore  the  Object  fhould  always  appear  the 
fame,  whether   the   Cornea  or   Cryftalline   be 

convex 
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convex  or  flat.  This  Reafoning  would  indeed 
hold,  did  the  Eye  confift  but  of  one  Humour ; 
but  it  will  not  hold  in  an  Eye  formed  as  ours 
is,  and  that  has  feveral  Humours,  whcfe  re- 
fractive Powers  are  different.  But,  that  I  may 
the  better  remove  this  Difficulty,  I  fliall  de- 
monftrate  the  following  Propofition : 


PROPOSITION. 

The  more  convex  the  Cornea  is,  ObjeBs  appear 
the  larger. 

Demonstration.  Let  AB  {Fig,  19. 
Plate  III.)  be  the  Axis  of  the  Eye,  a  the 
Centre  of  the  CrvftaJIine,  C  the  Centre  of  the 
Cornea  in  its  natural  State,  which  Centre,  accord- 
ing to  Pet  it's  Meafures  of  the  Eye,  falls 
a  confiderable  Way  behind  the  Cryftalline,  as 
in  the  Figure,  c  the  Centre  of  a  more  convex 
Cornea,  a  the  Centre  of  another  Cornea  yet 
more  convex,  which  Centre  coincides  with  the 
Centre  of  the  Cryftalline,  PB  a  Picture  form- 
ed on  the  Retina,  P  the  extreme  Point  of  this 
Picture,  ni?n  the  Cone  of  Rays  forming 
the  Point  P  of  the  Picture,  Fax  the  Axis  of 
that  Cone  or  Pencil  palling  thro*  a  the  Centre 
of  the  Cryftalline :  It  is  evident,  that  this  Cone 
mud  come  from    the   extreme  Point  of  the 

Objed 
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Object  forming  the  Picture :  To  find  there- 
fore the  Situation  of  this  Point,  or,  which  is 
the  fame  thing,  to  find  the  Magnitude  of  the 
Object,  nothing  is  required  but  to  trace 
back  the  middle  Ray  Px,  in  the  Line  it 
defcribed  before  its  Incidence  on  the  Cornea 
at  x. 

For  this  Purpofe,  having,  thro'  the  Point 
of  Incidence  x,  drawn  the  Right-line  ECF  per- 
pendicular to  the  flat  Cornea,  whole  Centre  is 
C;  from  P  let  fall  upon  it  the  Perpendicular 
PI,  and  produce  it  to  M,  lb  as  IM  may  be  to 
PI,  as  the  Sine  of  Incidence  to  the  Sine  of 
Refraction,  that  is  as  4  to  3  ;  and  about  the 
Centre  x,  with  the  Radius*  xF,  defcribing  a 
Circle  PBD,  draw  parallel  to  the  Perpendicular 
FCE  the  Line  MS  catting  the  Circumference 
in  S,  and  join  Sx.  This  Line  Sx  being  conti- 
nued backwards,  fhall  be  the  Line  of  the 
incident  Ray,  in  which  Line  the  extreme 
Point  of  the  Object  muft  be  placed  to  have  its 
Jmage  painted  on  the  Retina  at  the  Point  P, 
when  the  Cornea  is  fo  flat  as  to  have  its 
Centre  at  C;  for  if  SR  be  let  fall  perpen- 
dicularly on  the  Line  Eat,  this  Line  SR  fhall 
be  the  Sine  of  Incidence  of  the  Hay  S.v,  the 
Angle  of  Incidence  being  S.vE ;  and  this  Line 
SR  is  equal  to  IM,  and  confequently  in  pro- 
portion to  the  Sine  of  Refraction  PI,  as  4  to  3. 

Vol.  II.  A  a  a  But, 
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But,  if  the  Cornea  be  more  convex,  fo  as  to 
have  its  Centre  at  c,  QocZ,  will  be  the  Perpen- 
dicular to  this  Cornea  at  the  Point  of  Incidence 
x,  and  PQ^  will  be  the  Sine  of  Refraction ; 
which  being  produced  to  T,  fo  as  QT  may 
be  to  PQ^  as  4  to  3  ;  if  from  T,  parallel 
to  Q^Z,  the  Line^  Tr  be  drawn  cutting  the 
Circumference  in  r,  the  line  rx  continued  back- 
wards, fliall  be  the  Line  of  the  incident  Ray ; 
for  rq,  the  Sine  of  Incidence  of  the  Ray  rx9 
is  to  PQ^,  the  Sine  of  Refraction,  as  4  is 
to  3  ;  wherefore  the  extreme  Point  of  the 
Objecl  muft  now  be  in  the  Line  xro,  to  have  its 
Pidlure  at  P. 

In  like  Manner,  if  the  Cornea  be  yet  more 
convex,  and  have  its  Centre  at  a,  in  the 
Centre  of  the  Cryftalline,  the  Point  of  the 
Picture  at  P  will  be  formed  by  a  Pencil 
of  Rays,  whofe  Axis  is  in  the  right  Line 
Paxp. 

Thus,  then,  it  appears,  that  the  Object  Ap, 
when  the  Cornea  is  very  convex,  appears  as 
large  as  the  Object  Ao>  when  the  Come  a  is  more 
flat,  and  as  large  as  the  Qbjedt  AO,  when  the 
Cornea  is  yet  flatter ;  for  the  Magnitude  of  the 
Picture,  and  of  the  Angle  within  the  Eye  fub- 
tending  it,  and  under  which  it  is  leen,  is  the 
fame  in  all  the  three  Cafes. 

What  I  have  here  faid,  is  not  at  all  incon- 
fiftent  with  what  I  demonftrated  before,   of 

every 


Chap.  IV.      Of  the  Magnitude  of  ObjeBs.      37 1 

every  Point  of  an  Object's  being  feen  in  a 
right  Line  drawn  perpendicular  to  the  Retina 
at  that  Point  of  it  where  the  Image  of  the 
Point  falls ;  for  all  that  is  here  faid  ferves  only 
to  fhew,  that  a  fmaller  Object,  when  the 
Cornea  is  convex,  may  make  as  large  a  Picture 
on  the  Retina,  as  a  larger  one,  when  the  Cornea 
is  more  flat,  without  determining  the  Pofition 
of  the  Lines  in  which  the  feveral  Points  of  the 
Object  are  feen :  Yet,  as  the  extreme  Points 
of  the  fniall  Object,  when  the  Cornea  is  convex, 
are  feen  in  the  fame  Place  with  the  extreme 
Points  of  the  larger  Object,  when  the  Cornea  is 
more  flat,  by  reafon  the  Pictures  of  both  coin* 
cicle  in  the  fame  Place  of  the  Retina ,  it  is  ob- 
vious, that  all  the  other  fimilar  Points  of  both 
Objects  (I  mean  all  the  Points  that  are  fimilar 
in  Pofition)  will  alfb  be  ittn  in  the  fame  Place ; 
and  confequently  that  the  Place  in  which  the 
feveral  Points  of  Objects  are  feen,  will  be  re- 
ally fomewhat  different  from  their  true  Place, 
according  as  the  Eye  is  differently  formed, 
tho'  this  Difference  is  fuch  as  in  many  Cafes 
may  be  neglected  without  any  remarkable 
Error. 

§  4.  Now,  fince  we  can  never  be  certain, 
that  there  are  two  Perfons  in  the  World  who 
fee  Objects  of  the  fame  Magnitude,-  becaufe 
we  are  never  certain  that  their  Eyes  are  alike, 
it  follows,    that  we  otirfit  never  to  truft  the 

Teftimony 


37-      0/*  the  Magnitude  of  Objeffs.      Book  V. 

Teftimony  of  our  Eyes  in  judging  of  the  ab- 
folute  Magnitude  of  Bodies ;  and  when,  as  for 
Inftance,  we  fay,  that  a  Bird  is  fmail,  we  ought 
not  to  underftand  it  abfolutely  fo ;  for  there 
is  nothing  that  is  great  or  fmall  in  itfelf: 
Even  a  Bird  is  great  with  refpedt  to  a  Fly ;  and 
tho'  it  be  fmall  relatively  to  our  Body,  it 
does  not  from  thence  follow,  that  it  is  fo  ab- 
folutely, fince  our  Body  is  not  an  abfolute  Rule, 
according  to  which  other  Bodies  ought  to  be 
meafured.  Our  Body  itfelf  is  very  fmall  with 
refpedt  to  the  Earth,  and  the  Earth  is  very 
fmall  relatively  to  the  Circle  it  defcribes  in 
moving  round  the  Sun,  and  fo  forth,  with- 
out End ;  for  we  can  always  imagine  Spaces* 
greater  and  greater  in  infinitum. 

We  ought  not  therefore  to  truft  the  Tefti- 
mony of  our  Eyes  in  judging  what  Extenfion 
is  in  itfelf;  we  ought  rather  to  hearken  to 
Reafon,  that  teaches  us,  that  we  can  never 
determine  what  the  abfolute  Magnitude  of 
furrounding  Bodies  is,  nor  what  Idea  we  ought 
to  have  of  the  Extenfion  of  a  fquare  Foot,  or 
that  of  our  own  Body,  fo  as  that  Idea  may 
reprefent  the  Object  fuch  as  it  is ;  for  Reafon 
affures  us,  that  the  fmalleft  Body  would  not  be 
fmall  if  alone,  fince  it  is  compofed  of  an  in- 
finite Number  of  Parts,  of  each  of  which,  if 
God  fhould  be  pleafed,  he  can  form  a  World; 

which 
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which  will  be  but  as  a  Point,  when  compared 
with  the  other  Parts  taken  together,  and  yet 
will  contain  as  many  Things,  tho'  lefs  in 
proportion,  as  this  great  World  in  which  we 
live. 

§  5.  But  you  will  fay,  Does  God  then  de- 
ceive us  ?  Has  he  given  us  Eyes,  which,  like 
Optic  Inftruments,  magnify  or  ■diminiih  the 
Objects?  I  anfwer,  God  never  deceives  us; 
but  we  frequently  deceive  ourfelves,  by  judg- 
ing of  Things  with  too  much  Precipitation ; 
for  we  commonly  judge,  that  thofe  Things 
exift  of  which  we  have  Ideas,  and  even  that 
the  Things  themfelves  are  altogether  fimilar  to 
thefe  Ideas;  and  yet  it  is  certain,  that  the 
Objects  are  often  not  at  all  like  the  Ideas  we 
have  of  them,  and  even  that  they  do  not  fo 
much  as  exift. 

It  by  no  means  follows,  that  a  Thing  exifts, 
becaufe  we  have  an  Idea  of  it;  and  yet  lefs, 
that  the  Thing  is  altogether  like  the  Idea  we 
have  of  it.  In  Fevers,  and  in  Time  of  Sleep,  we 
often  have  Ideas  of  Objects  that  do  not  at  all 
exift ;  and  the  Sun  and  Moon  are  only  circu- 
lar Planes  of  about  a  Foot  in  Diameter,  if  we 
believe  the  Teflimony  of  our  Eyes :  It  is  there- 
fore a  Prejudice,  that  has  no  Foundation  in 
Reafon,  to  believe  that  we  fee  Bodies  ac- 
cording to  their  true  Magnitude ;  for  our  Eyes 
are  not  given  us,  but  for  the  Prefervation  of 

our 
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our  Bodies,  and  never  make  us  fee  what  Things 
are  in  themfelves,  but  only  what  they  are  re- 
latively to  our  Body,  that  we  may  thereby  be 
informed  of  Things  profitable  or  hurtful  to  us; 
they  therefore  acquit  themfelves  very  well  of 
their  Duty,  in  giving  us  Ideas  of  Objefts  that 
have  fome  remarkable  Proportion  to  our  Body; 
and  we  deceive  ourfelves,  when  we  imagine, 
that  our  Eyes  were  given  us  to  inform  us 
what  Extenfion  is  in  itfelf  abfolutely  confi- 
dered. 

§  6.  But  tho'  we  can  never  difcover  what 
Extenfion  is  in  itfelf  abfolutely  confidered, 
yet,  by  the  Affiftance  of  our  Eyes,  we  can,  in 
jnoft  Cafes,  very  wrell  difcover  the  relative 
Magnitude  of  all  vifible  Objects ;  as  for  Ih- 
itance,  we  fee,  that  a  Foot  is  twelve  Times 
larger  than  an  Inch,  and  that  a  Yard  is  three 
Times  larger  than  a  Foot,  and  fo  of  all  other 
Magnitudes  that  bear  any  confiderable  Pro- 
portion to  that  of  our  Body.  But  from  thence 
it  does  not  follow,  that  we  do  ever  fee  what 
Things  are  in  themfelves,  and  according  to 
their  true  and  abfolute  Magnitude.  To  ima- 
gine otherwife,  is  to  imagine  that  they  always 
appear  of  the  fame  Magnitude  ;  which,  as  has 
been  fhown  above,  is  a  very  great  Miftake ; 
for  little  Animals,  fuch  as  Mites,  fee  Things 
of  a  different  Magnitude  from  us ;  and  we 
ourfelves    do  alfo  receive  different    Ideas   of 

Extenfion, 
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Extenfion,  according  to  the  different  Magni- 
tude and  Figure  of  the  Eye  in  general,  and  of 
its  feveral  Parts  in  particular.  And  this  is  the 
Reafon  why  ihort-fighted  Perfons  fee  Objects 
differently  from  others,  and  why  commonly 
they  appear  bigger  to  the  Left-eye  than  to  the 
right.  We  alfo  fee  Objects  of  different  Magni- 
tudes at  different  Times,  according  as  we  ima- 
gine them  nearer  or  farther  6ff;  as  fhail  be 
explained  hereafter. 

This  much  being  premifed,  it  remains  that 
we  now  inquire  into  the  Manner,  how,  by 
our  Eyes,  we  difcover  the  relative  Magni- 
tude of  Bodies ;  for  what  their  true  and  ab- 
folute  Magnitude  is,  we  can  never  be  inform- 
ed of. 

§  7.  There  are  only  two  Means  whereby 
our  Mind  is  enabled  to  judge  of  the  Magni- 
tude of  Objefts.  The  ift  is,  their  apparent 
Magnitude ;  the  2d,  the  Knowledge  we  have 
of  their  Diftance. 

By  the  apparent  Magnitude  of  an  ObjecT,  I 
mean  the  Magnitude  of  its  Pidlure  painted  on 
the  Retina ;  this  Magnitude  being  fenfible  to 
us,  furnifhes  our  Mind  with  the  firft  Mean  of 
judging  of  the  Magnitude  of  the  Gbjedt; 
for  Obje&s  appearing  equally  far  off,  are  al- 
ways feeu  greater  or  fmaller,  according  as  their 
Pictures  on  the  Retina  are  greater  orfmaller  ; 

and, 
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and,  if  their  Pictures  are  equal,  the  Objects  will 
alfo  appear  equal. 

§  8.  This  Magnitude  of  the  Pidture  depends 
upon,  and  is  proportionable  to  the  Angle  un- 
der which  the  Object  is  feen,  that  is,  the  Angle 
which  is  formed  by  the  two  right  Lines  drawn 
from  the  two  Extremes  of  the  Objedt  to  the 
Centre  of  the  Eye,  and  which  is  commonly 
called  the  Optic  or  Vijiial  Angle.  When  this 
Angle  is  larp-e,  the  Picture  on  the  Retina  is 
large;  but  when  it  is  fmall,  the  Picture  is  alfo 
fmall  in  proportion. 

Thus,  if  AB  (See  Fig.  20.  Plate  III.)  be 
an  Objedt  whofe  Pidture  on  the  Retina  is  ab> 
the  extreme  Points  of  the  Objedt  A  and  B  will 
be  feen  nearly  in  the  Lines  aA  and  bB,  drawn 
from  the  extreme  Points  of  the  Pidture  a  and  b, 
thro'  C  the  Centre  of  the  Eye;  and  thefe 
Lines  a  A  and  £B,  by  interfedting  each  other 
at  C,  mult  make  the  Angles  at  the  Vertex 
equal ;  that  is,  the  Angle  aCb  will  be  equal 
to  the  Angle  ACB :  But  the  apparent  Mag- 
nitude, or  the  Image  on  the  Bottom  of  the 
Eye  ab9  is  always  proportional  to  the  Angle 
aCb  fubtended  by  it ;  and  therefore  muft  alio 
be  proportional  to  the  equal  Angle  ACB. 
But  this  Angle  ACB  is  the  vifual  Angle,  or  the 
Angle  formed  by  right  Lines  drawn  from  the 
Extremities  of  the  Objedt  to  the  Centre  of  the 

Eye; 
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Eye  ;  and  therefore  the  apparent  Magnitude,, 
or  the  Image  on  the  Retina,  will  always  be 
porportional  to  the  optic  Angle  under  which 
the  Object  is  feen;  whence  all  Opticians 
meafure  the  apparent  Magnitude  by  this  Angle* 
which  they  therefore*  in  their  Reafonings,  do 
always  fubftitute  in  the  Place  of  the  Image  %- 
felf. 

§  9.  From  what  has  been  faid,  we  may 
eafily  fee,  that  we  can  never,  from  the  appa- 
rent Magnitude  alone,  difcover  the  Magnitude 
of  the  Object ;  for  the  Pictures  of  two  Objects 
may  be  equal,  tho'  the  one  be  a  hundred 
.Times  bigger  than  the  other,  provided  that 
their  Diftances  from  the  Centre  of  the  Eye  be 
proportional  to  their  Magnitudes. 

Thus,  the  Objects  AB  and  DF  (Fig.  20* 
Plate  III.)  have  their  apparent  Magnitudes 
equal,  and  yet  their  true  Magnitudes  are  to 
each  other  as  their  Diftances  from  C  the 
Centre  of  the  Eye :  For  the  Triangles  ABCj 
DFC  being  fimilar,  AB  is  to  DF  as  AC  is 
to  DC. 

In  like  Manner,  when  any  Object,  as  AB 
(Fig.  21.  Plate  III.)  is  viewed  at  different 
Diftances  from  the  Eye  O  and  P,  its  apparent 
Magnitude  will  increafe  very  nearly  in  the  fame 
Proportion,  as  the  Diftance  between  the 
Centre  of  the  Eye  and  the  Object  decreafes; 
and,  on  the  contrary,  it  will  decreafe  in  the 
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fame  Proportion  as  that  Diftance  increafes  ; 
for  the  Object  being  at  a  confiderable  Diftance 
from  the  Eye,  the  optic  Angle  AOB,  will  be 
to  the  optic  Angle  APB,  nearly  as  PB  is 
to  OB. 

It  is  therefore  evident,  that  we  can  never, 
from  the  apparent  Magnitude  alone,  make  a 
right  Judgment  of  the  Extenfion  or  Magni- 
tude of  Bodies;  it  is  always  neceflary  that 
their  Diftance  be  alio  known;  from  both 
which  together, '  it  is  very  eafy  for  us  to  difco- 
ver  the  Magnitude  of  Objects ;  for,  by  tracing 
back  the  Rays  from  a  and  b  {Fig.  20.)  the 
extreme  Points  of  the  Picture,  in  the  perpen- 
dicular Lines  ah.  and  £B ;  the  extreme  Points 
A  and  B  of  the  Object  muft  appear  fome- 
where  in  thefe  Lines  a&  and  bB;  and  the 
Diftance  of  the  Object  being  at  the  fame 
Time  known  to  us,  thefe  Points  muft  be  feen 
in  their  proper  Place  A  and  B,  and  conf  equent- 
ly  the  Magnitude  of  the  ObjecT:  will  be  efti- 
mated  by  the  Line  AB  joining  the  two  extreme 
Points  of  the  Object. 

§  10.  There  is  yet  another  Way  of  ex- 
plaining how,  from  the  apparent  Magnitude 
and  Diftance,  we  come  to  judge  of  the  Mag- 
nitude of  Objects;   it  is  as  follows: 

In  the  Triangles  ACB,  aCb  (Fig.  20.)  the 
Angles  at  C  are  equal,  being  the  Angles  at 

the 
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the  Vertex;  and  the  Line  AB  being  parallel  tp 
the  Line  aby  the  Angles  a  and  b  muft  be  equal  to 
the  Angles  A  and  B,  each  to  each ;  that  is,  the 
Angle  a  is  equal  to  the  Angle  A,  and  the 
Angle  b  is  equal  to  the  Angle  B  :  Hence  the 
two  Triangles  aCb  and.  ACB  are  fimilar,  and 
therefore  their  homologous  Sides  muft  be  pro- 
portional, that  is,  the  Line  ab>  or  the  Magni- 
tude of  the  Picture,  muft  be  to  AB,  or  the 
Magnitude  of  the  Object,  as  bC  is  to  BC : 
But  bC  is  the  Semidiameter  of  the  Eye,  which 
does  not  exceed  half  an  Inch,  or  fix  Lines, 
and  B  C  is  the  Diftance  of  the  Object  from 
the  Centre  of  the  Eye ;  and  therefore  the 
apparent  Magnitude  of  Objects,  or  their 
Picture  on  the  Retina,  will  be  to  the  Magni- 
tude of  the  Object  itfelf,  as  about  half 
an  Inch,  or  fix  Lines,  is  to  the  Diftance 
of  the  Object  from  the  Centre  of  the  Eye; 
from  which  Analogy,  the  Magnitude  of  the 
Object:  is  eafily  difcovered, 

§  ii.  The  Magnitude  of  the  Object  may 
alfo  be  determined  by  this  other  Method, 
which  is  no  lefs  accurate,  and  does  not  fuppofe 
the  Semidiameter  of  the  Eye  to  be  known. 
The  Canon  is  this: 

As  the  Radius  is  to  the  Tangent  of  Half 
the  apparent  Magnitude  ACG  (Fig.  20.)  fo  is 
the  Diftance  C  G  to  the  Half  of  the  true  Mag- 
nitude AG. 

;  This 
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This  Proportion  is  fo  plain,  that  it  needs 
no  Proof  or  Hluftration ;  for  it  is  obvious,  that, 
if  about  the  Centre  C,  with  the  Radius  GG, 
a  Circle  be  defcribed,  the  Half  of  the  true  Mag- 
nitude AG  fhall  be  the  Tangent  of  Half  the 
apparent  Magnitude  ACG. 

§  12.  By  fuch  methods  as  thefe,  our  Mind 
is  enabled  to  exercife  its  natural  Geometry  in 
judging  of  the  Magnitude  of  Obj efts ;  neither 
is  it  poffible  for  us  to  be  miftaken,  unlefs 
when  we  are  miftaken  in  the  Judgment  we  form 
of  the  Diftance  ;  which  does  indeed  freauent- 
ly  happen. 

We  have  a  remarkable  Example  of  this  in 
refpect  of  the  Sun  and  Moon,  which  appear 
Greater  when  near  the  Horizon  than  at  a 
greater  Height ;  tho',  as  is  known  to  Aftrono- 
liiers,  the  Piclure  of  the  Sun  in  the  Bottom 
of  the  Eye  is  the  lame  in  both  Caies,  and 
that  of  the  Moon  is  lefs  when  fhe  appears 
near  the  Horizon,  by  reafon  of  her  greater 
Diftance.  We  cannot  indeed  judge  of  the 
Diftance  in  either  cafe ;  but  it  appears  greater 
near  the  Horizon,  by  reafon  of  the  Interpofi- 
tion  of  the  Fields  and  Part  of  the  Heavens, 
which  make  us  judge  thofe  Bodies,  bigger 
than  afterwards  when  they  are  more  elevated : 
Whence  it  is,  that  when  the  above  mentioned 
Bodies  are  viewed    thro!  a  long  Tube,  this 

apparent 


Chap.  IV.     Of  the  Magnitude  of  Objefts.       3  8  f 

apparent  Difiance  vanifhes,  as  alio  the  Mag* 
nitude  which  is  deduced  from  it. 

It  is  fomewhat  iurprizing,  that  Gassendus, 
an  Author  of  feme  Fame,  fliould  afcribe  this 
enlarged  Appearance  of  the  horizontal  Lumi- 
naries merely  to  a  Dilatation  of  the  Pupil, 
which  he  fuppofes  to  attend  the  View  of  celeftial 
Objects,  near  the  Horizon  (de  apparente  Magni- 
tudine  Soils  hwnilis  et  fublimis,  Epiji.  1.  Art.  5.). 
But  this  is  inconfiftent  with  the  Principles  of 
Optics,  yet  this  Author  is  fo  totally  ignorant 
of  that  Science,  as  to  aflert,  that  a  dilated 
Pupil  magnifies  an  Object,  for  the  fame  Reafon 
as  a  convex  Glafs  does* .  (lipid.  Epift.  2. 
An.  13.). 

§  13.  Another  Example  of  this  Kind  is  the 
Appearance  of  parallel  Lines  and  long  Viftos 
of  parallel  Rows  of  Trees  feen  by  the  Eye 
.  placed  between  them  at  one  End  of  the  Vifto  ; 
for  fuch  Lines  and  Viftos  feem  to  converge 
more  and  more,  as  they  are  further  extended 
from  the  Eye.-  Thus  the  Lines  ABC,  DEF, 
(Fig.  22.' Plate  III.)  appear  to  converge 
towards  the  imaginary  Line  OG,  drawn  from 
the  Eye  O  parallel  to  them. 

The  Reafon  of  this  is,  becaufe  the  apparent 
Magnitudes  of  their  perpendicular  Intervals 
AD,  BE,  CF,  $m  are  perpetually  dimini- 
fhing,  while,  at  the  fame  Time,  we  miftake 
their  Diftance,  and,  bv  referring  them  to  the 
.     "  Plaq 
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Plan  of  the  Horopter,  to  which  our  Eyes  are 
directed,  thofe  that  are  further  off  than  this 
Plan  are  judged  nearer  than  they  really  are ; 
and  thofe  that  are  nearer  than  this  Plan,  are 
judged  more  diftant  than  they  really  are  (as 
ihall  be  explained  afterwards  in  its  proper 
Place) ;  from  which  Miftake  with  refpecl:  to 
the  Diftance  of  thofe  perpendicular  Intervals, 
they  will  appear  fhorter  and  fhorter  the  further 
they  are  from  the  Eye,  and  confequently  the 
parallel  Lines  will  appear  to  converge  more 
and  more  continually,  till  they  meet  in  the 
Middle. 

.  §  14.  Mod  Authors  I  have  met  with,  in 
accounting  for  this  Phenomenon9  neglecl:  intire- 
ly  the  Confideration  of  the  apparent  Diftance 
of  thofe  perpendicular  Lines,  and  deduce  the 
Phenomenon  from  their  apparent  Magnitude 
alone:  But  tho'  the  apparent  Magnitude  of 
thofe  Perpendiculars  does  continually  decreafe 
in  Proportion  as  their  Diftance  from  the  Eye 
increases ;  yet,  if  their  Diftance  were  known, 
we  would  judge  rightly  of  their  Magnitude 
in  the  Manner  above  explained :  To  me  there- 
fore it  feems  evident,  that  this  Phenomenon 
depends  intirely  on  the  Miftake  we  commit 
with  refpect  to  the  Diftance  of  thofe  perpen- 
dicular Lines ;  for,  did  we  judge  rightly  of 
their  Diftance,  we  fhould  alfo  judge  rightly 
of  their  Magnitude,  and  fee  them  to  be  of 

equal 
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equal  Lengths,  and  confequently  the  parallel 
Lines  would  appear  parallel.  Hence  we  may 
fee  why,  when  the  two  parallel  Rows  of  Trees 
ftand  upon  an  Afcent,  whereby  the  more  re- 
mote Parts  appear  further  off  than  they  really 
are,  by  reafon  that  the  Line  meafuring  the 
Length  of  the  Vifto  now  appears  under  a 
greater  Angle  than  when  it  is  horizontal,  the 
Trees  in  fuch  a  Cafe  will  feem  to  converge  lefs ; 
and  fometimes,  in  place  of  converging,  they  will 
be  thought  to  diverge,  as  is  agreeable  to 
Experience. 

§  15.  And,  for  the  fame  Reafon  that  a 
long  Vifto  appears  to  converge  more  and  more, 
the  further  it  is  extended  from  the  Eye,  the 
remoter  Parts  of  a  horizontal  Walk,  or  a  long 
Floor  appear  to  afcend  gradually;  and  Ob- 
jects placed  upon  it,  the  more  remote  they 
are,  the  higher  they  appear,  till  the  laft  be 
feen  in  a  level  with  the  Eye:  Whereas,  the 
ceiling  of  a  long  Gallery  appears  to  defcend 
towards  a  horizontal  Line  drawn  from  the 
Eye  of  the  Spectator:  For  the  fame  Reafon, 
the  Surface  of  the  Sea,  feen  from  an  Emi- 
nence, feems  to  rife  higher  and  higher,  the 
further  we  look  ;  and  the  upper  Parts  of  high 
Buildings  feem  to  Hoop  or  incline  forwards 
over  the  Eye  below,  becaufe  they  feem  to 
approach  towards  a  vertical  Line,  proceeding 
from  the  Spectator's  Eye;    wherefore  Statues 

a-top 
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a-top  of  fuch  Buildings,  to   appear   upright, 
muft  recline  or  bend  backwards. 

§  1 6.  Another  Phenomenon  of  this  Kind  is, 
that  of  a  Wind-Mill  feen  at  a  great  Diftance ; 
for,  by  taking:  the  neareft  End  of  the  Sail  for 
the  moft  remote,  we  fometimes  Miftake  the 
Courfe  of  its  circular  Motion. 

This  Phenomenon  may  eafily  be  accounted 
for:  For,  if  a  Spectator  at  O  {Fig.  23. 
Plate  III.)  fituated  nearly  in  the  Plan  of 
the  Sails  produced,  imagines  the  furtheft  End 
A  of  the  Sail  AE  to  be  the  neareft,  and  the 
real  Motion  of  the  Sails  be  in  the  Order  of 
the  Letters  ABCDE;  when  A  is  moved  to 
B,  and  the*  Line  BO  is  drawn  cutting  the 
Circle  ABCDE  in  D ;  fince  he  at  firft  imagi- 
ned the  End  A  to  be  at  E,  he  will  not  now 
conceive  it  at  B,  but  at  D;  and  fo  will 
imagine  the  Courfe  of  the  Motion  to  be  from 
E  to  D ;  which  is  contrary  to  the  real  Motion 
from  A  to  B. 

The  Uncertainty  we  fometimes  find  in  the 
Courfe  of  the  Motion  of  a  Branch  or  Hoop 
of  lighted  Candles  turned  round  at  a  Diftance, 
Is  owing  to  the  fame  Caufe ;  and  alfo  that  we 
miftake  a  convex  for  a  concave  Surface  fome- 
times with  the  naked  Eye,  but  more  frequently 
in  viewing  Seals  and  Impreffions  with  a  convex 
Glafs  or  a  double  Microicope* 

§  17* 
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§  17.  It  is  alfo  for  the  fame  Reafon,  to  wit," 
a  Miftake  with  refpecl:  to  the  Distance,  that, 
upon  coming  into  a  Street  in  a  dark  Night, 
where  there  is  but  one  Row  of  Lamps,  we 
often  Miftake  the  Side  of  the  Street  they  arc 
in.  This  may  be  accounted  for  in  this  Man- 
ner: 

Let  O  (Plate  III.  Fig.  24.)  be  the 
Spectator  ;  A,  B,  C,  D,  the  Lamps  on  his 
Left-hand,;  KaO,  B£C>,  CcO,  DiO,  the 
Rays  that  come  to  his  Eye.  Now,  if  he 
happens  to  imagine  the  neareft  Lamp  A  to  be 
the  remoteft,  fuppofe  at  a;  he  will  confequent- 
ly  imagine  all  the  reft  to  be  at  a9  b,  c,  d9  in. 
the  Situation  of  a  Line  extended  on  his  Right- 
hand  ;  which  is  contrary  to  the  Situation  in 
which  they  truly  are. 


C  H  A  P.     V. 

Of  the  Dijiance  of  Objefts* 

HAVING  explained  how  we   judge  of 
the  Extenfion  or  Magnitude  of  Bodies, 
by  comparing  their  apparent  Magnitudes  with 
their   Diftances,  ,and  how   we  are  deceived, 
Vol.  II  C  c  c  in 
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in  thofe  Judgments,  as  often  as  we  are 
deceived  withrefpeft  to  the  Diftance;  I  fhall 
now  confider  by  what  Means  our  Mind,  by  the 
Affiftance  of  our  Eyes,  is  informed  of  the 
Diftance  of  Obje6ts.  This  is  the  fifth  Pheno- 
menon of  Vifion,  which  now  falls  naturally  to 
be  explained. 

§  I.  There  are  Six  Things  whereby  we 
afe  enabled  to  difcover  the  Diftance  of  Objects, 
from  the  Confideration  of  which  it  will  eafily 
appear  how  we  are  fometimes  deceived,  and 
can  fcarce  form  any  Judgment  with  refpedt  to 
Diftance,  but  what  is  founded  on  Prejudice  and 
Anticipation. 

§  2.  The  firji  Mean  whereby  the  Mind  jud- 
geth  of  Diftance,  confifts  in  that  Difpofition 
of  the  Eye  that  is  necefTary  for  feeing  diftin&ly 
at  different  Diftances. 

We  have  already  demonftrated,  that  there 
can  be  no  diftindt  Vifion,  unlefs  the  Rays 
of  Light,  which  are  fent  from  the  feveral  Points 
of  the  Object,  be,  by  the  Humours  of  the  Eye, 
refracted,  and  brought  together  in  fo  many 
correfponding  Points  on  the  Retina  ;  and  that 
the  fame  Conformation  in  the  Eye  is  not 
able  to  perform  this  Effect,  but  muft  be  changed 
by  the  Contraction  of  the  Ligamentum  Ciliare, 
which  being  fenfible  to  usv,  becaufe  it  depends 
upon  our  Mind  which  regulates  it,  will  enable 
us  in  fome  Meafure   to  judge  of  Diftances, 

even 
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even  with  one  Eye:   As  for  Inftance,  when 
I  view  an  Objedl  at  feven  Inches   Difiance, 
I  diftinguifli  its  Diftance  by  the   Difpofition 
of  the   Eye,  which    at   that  Diftance  is  not 
only  fenfible,  but  in  fome  Sort  uneafy ;    and 
when   the   fame  Objedt   is  viewed  at  twenty 
feven  Inches  Diftance,    the   Diftance  is   ftill 
perceived,    becaufe   the  .necefTary  Difpofition 
of  the  Eye  is   ftill  fenfible,    tho'  no  longer 
uneafy.     And  thus   you  fee,   how,  with  one 
Eye  alone*  we  judge  of  lefTer  Diftances,  from 
the  Change  which  happens  in  the  Conformati- 
on of  the   Eye ;   but  as  this  Change  in  the 
Conformation  of  the  Eye  has  its  Limits,    be- 
yond which  it  cannot  go,  it  can  be  of  no  Ufe 
in   affifting  us  to  judge  of  the   Diftance  of 
Obje&s  placed  without  the  Limits  of  diftind 
Vifion,  which,  in  my  Eyes,  about   22  Years 
ago,    reached  no    further    than  from   feven 
to  twenty  feven   Inches.     But  as  the   Objedt 
does   then  appear  more  or  lefs  confufed,  ac- 
cording as  it  is  more  or  lefs  removed  from 
thefe    Limits,    this    Confufion     fupplies    the 
Place   of  the  Motion    of  the   Cryftalline  in 
aiding   the    Mind  to  judge  of  the  Diftance 
of    the   Object,    it    being    always     efteemed 
fo  much  the  nearer  or  further  off,  by  how 
much  the  Confufion  is  greater. 

But  this  Confufion  has  its*Limits  alfo,  beyond 
which  it  can  never  extend ;  for,  when  an 
Objedl  is  placed  at  a  certain   Diftance  from 
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tlic  Eye,  to  which  the  Breadth  of  the  Pupil 
bears  no  fenfible  Proportion,  the  Rays  of  Light 
that  come  from  a  Point  in  the  Object,  and 
pafs  the  Pnpil,  are  fo  little  diverging,  that  they 
may,  in  a  phyfical,  tho'  not  mathematical 
Senfe,  be  looked  on  as  parallel;  and  there- 
fore the  Picture  on  the  Retina  will  not,  to 
Senfe,  become  more  confufed,  tho'  the  Ob- 
ject be  removed  to  a  much  greater  Diftance. 
What  this  Diftance  is  to  which  the  Diameter 
of  the  Pupil  bears  no  feniible  Proportion, 
Authors  are  not  agreed  on,  nor  mall  I  at 
prefent  take  upon  me  to  determine;  but, 
confidering  the  Smallnefs  of  the  Pupil,  it 
is  obvious,  that  it  cannot  reach  any  far 
Way;  and  confequently  this  Confufion  in  the 
Appearance  of  Objects  can  only  affift  us  hi 
judging  of  fin  all  Diftances. 

§  3.  The  fecond  mod  univerfal,  and  fre- 
quently the  moft  fare  Mean  we  have  for 
judging  of  the  Diftance  of  Objects,  is  the 
Angle  made  by  the  optic  Axes  at  that  Part 
of  the  Object  on  which  our  Eyes  are  fixed : 
For  our  two  Eyes  are  like  two  different  Stati- 
ons in  Longimetry,  by  the  Affiftance  of  which 
Diftances  are  taken,  as  hath  been  already 
explained  at  fome  Length.  And  this  is  the 
Reaibn  why  thofe  that  are  blind  of  one  Eye 
do  fo  frequently  nfifs  their  Mark  in  pouring 
Liquor  into  a  Glafs,  muffing  a  Candle,   and 

fuch 
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fuch  other  Actions  as  require  that  the  Diftance 
be  exactly  diftinguifhed ;  of  which  IVlr.  Boy  l  e 
has  given  ieveral  Inftances  in  his  Obfervations 
upon  the  vitiated  Sight. 

§  4.  Whence  we  may  fee,  how  this  Miftake 
with  refpect  to  Diftance,  when  one  of  the 
Eyes  is  loft,  may-fometimes  affift  us  in  making 
a  very  judicious  and,  ufeful  Prognoftic  in  the 
Cafe  of  a  Gutta  Serena  affecting  only  one  of 
the  Eyes.  Every  body  knows,  that,  when 
this  Difeafe  is  of  an  old  {landing,  all  Attempts 
towards  a  Cure  are  commonly  in  vain,  and 
to  no  Purpofe  ;  but  when  the  Difeafe  is  recent, 
it  often  admits  of  a  more  favourable  Pro- 
gnoftic :  But  it  fometimes  happens  that  the 
.Patient  cannot  tell  at  what  Time  he  loft  the 
Sight  of  his  Eye ;  for  when  one  of  the  Eyes 
continues  good,  he  may  for  a  long  while  not 
difcover  that  the  other  is  loft  ;  of  which  Mr. 
Boy  l  e  gives  an  Inftance  in  his  above  mention- 
ed Obfervations  on  vitiated  Sight ;  for  he  there 
tells  us,  of  One  who  had  a  CaiaracT:  for 
Ieveral  Years,  without  knowing  it,  tho'  others 
did;  for  he  knew  it  not,  till  happening  to 
rub  his  found  Eye,  he  was  furprifed  to  find 
himfelf  in  the  dark.  When  One  therefore  has 
a  Gntta  Serena  only  in  one  of  his  Eyes,  he 
may  think  that  the  "Eye  was  only  loft,  when 
he  made  the  Difcovery  of  it,  tho'  it  was  loft 
many   Years   before.      On  the    other  Hand, 

having 
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having  been  informed,  that  one  may  be  blind 
of  one  Eye  a  long  while  without  difcovering 
it;  and  that  Gutta  Serenas  are  frequently 
ufhered  in  by  violent  Head-achs,  he  may 
imagine  that  the  Lofs  of  Sight,  which  hap7 
pened  only  a  Week  ago,  and  which  he  only 
difcovcred  Yefterday,  is  of  many  Years 
Handing,  becaufe  at  that  Time  he  had  a 
violent  Head-ach,  and  never  any  Complaint 
fince.  Thus  you  fee  what  Difficulty  there 
may  be  in  determining  the  Age  of  this  Difeafe ; 
and  confequently  what  hopes  there  may  be 
of  curing  it ;  but,  by  inquiring  at  what  Time 
he  firft  became  liable  to  Miftakes,  in  all 
Actions  that  require  that  the  Diftance  be  ex- 
actly diftinguiihed,  as  in  pouring  Liquor  into 
a  Glafs,  ihuffing  a  Candle,  threading  a  Needle, . 
<6*<r.  we  may  difcover  the  Age  of  the 
Difeafe,  and  thence  may  be  aflifted  to  form 
a  more  jnft  Prognoftic  with  refpeft  to  its 
Cure.  * 

§5- 


*  This  Theory  was  lately  of  fome  Ufe  to  me  in  the  Cafe  of 
a  young  Lady,  who  confulted  me  for  a  Blindnefs  in  one  of  her 
Eyes ;  which,  from  feveral  Circumftances,  was  fufpefted  to  have 
been  of  a  long  Handing,  tho'  (he  had  only  difcovered  it  the 
Day  before.  On  examining  her  Eyes,  I  found  that  they  moved 
fimilarly,  and  that  the  Pupils  fympathized  with  each  other  in 
their  Motions.  Whence  I  concluded  me  had  not  been  blind 
of  that  Eye  from  the  Birth.     I  therefore  afked  her,  if  (he  was 
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§  5.  From  what  hath  been  faid  on  this 
Head,  we  may  alfo  fee  whence  it  comes  to 
pafs,  that,  when  the  Eyes  are  fixed  on  any 
Object,  the  Diftance  of  other  Objefts,  that 
are  nearer  or  further  off,  cannot  be  exactly 
known  to  us ;  for,  fmce  our  Eyes  are  not 
dire&ed  to  thefc  Objects,  we  are  deprived  of 
this  Mean  of  judging  of  their  Diftance;  and 
therefore,  by  referring  them  to  the  Plan  of 
the  Horopter,  to  which  our  Eyes  are  directed, 
Objects  that  are  further  off  than  this  Plan, 
are  judged  nearer  than  they  really  are,  and  Ob- 
jects that  are  nearer  than  this  Plan,  are  judged 
more  diftant  than  they  really  are :  From  which 
Principle  many  Fallacies  of  Vifion,  otherwife 
inexplicable,  may  eafily  be  accounted  for; 
of  which  I  have  given  fome  Inftances  above, 

and 


not  liable  to  Miftakes  in  fnuffing  a  Candle,  pouring  Liquor  into 
a  Tea-cup  or  Glafs,  and  if  (he  could  thread  a  Needle  as  well  as 
ever,  or  when  ihe  firft  obferved  fuch  Defects  in  her  Sight?  She 
owned  (he  was  now,  and  had  been  for  feveral  Weeks,  very 
fenfible  of  thefe  Defe&s ;  but  afTured  me  they  only  happened 
about  twenty  Days  or  a  Month  ago  ;  and  that  before  that  fhe 
was  not  liable  to  any  fuch  Miftakes,  and  could  thread  a  Needle 
as  readily  as  any  Body  elfe :  Whence  I  concluded,  that  her 
Difeafe,  which  proceeded  from  the  Nerve,  as  the  Eye  was 
perfectly  clear  and  tranfparent,  and  as  the  Pupil  was  dilated 
and  without  Motion  in  all  Degrees  of  Light,  while  the  other 
Eye  was  keptfhut;  I  fay,  I  concluded,  that  the  Difeafe  was 
at  moft  only  of  about  20  Days  or  a  Month's  Handing,  and 
might  therefore  very  readily  yield  to  Medicine ;  which  ac- 
cordingly happened;  for,  in  about  fix  Weeks,  that  Eye  became 
as  good  as  the  other,  and  ftill  continues  Co. 
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and  fhall  here  mention  only  one  or  two  more 
from  Dr.  Jurin. 

§.  6.  This  learned  Gentleman  has  told  us, 
that  in  fhaving  himfelf  by  a  Glafs  hung  in  a 
Window,  which  looks  into  a  Garden,  it  has. 
feveral  Times  happened  to  him,  that  a  Fly 
has  fettled  upon  the  Window  near  the  Glafs, 
and  in  creeping  along,  has  raifed  in  him  the 
Idea  of  a  large  Bird  flying  in  the  Air ;  and 
fometimes  that  of  a  Dog  or  Cat  running  crofs 
the  Garden,  according  as  the  Situation  ©f  the 
Fly,  with  regard  to  the  Eye,  projected  its 
Image  either  upon  the  Air  or  upon  the 
Ground. 

The  Reafon  of  this  Appearance  may  eafily 
be  deduced  from  what  has  been  laid ;  for,  when 
the  Eyes  are  fixed  upon  the  Image  reflected 
from  the  Glafs,  they  are  fo  adapted,  as  to  fee 
that  Image  diftincily  in  a  Place  as  much  be- 
yond the  Glafs,  as  the  Face  is  before  it ;  and 
therefore  the  Fly  being  much  nearer  than  that 
Image,  and  like  wife  being  feen  obliquely,  it 
mull  appear  very  indiftinct  It  mull:  alfo  ap- 
pear a  good  deal  larger  than  it  really  is,  be- 
caufe  we  imagine  it  at  a  greater  Diftance  than 
it  is;  and  not  being  able  to  difcover  its  true, 
Diftance,  becaufe  our  Eyes  are  not  directed  to 
it,  we  immediar.ely  fancy  that  it  is  in  the  Air 
beyond  the  Window,  or  upon  the  Ground; 
and  being  thus  deceived  as  to  its  Diftance,  we 

are 
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are  alio  deceived  as  to  its  Magnitude ;  whence 
the  Animal  appears  much  larger  than  it  is,  and 
moving  with  a  greater  Velocity.  So  true  it  is* 
that  in  the  fuddeiieft  Judgments  we  make,  the 
Idea  of  greater  Diftance  raifes  in  us  the  Idea 
of  an  Object  of  greater  Magnitude,  and  mo- 
ving with  a  greater  Velocity  ;  the :  apparent 
Swiftriefjs  of  its  Motion  beinp-  magnified  in- the 
fame  Proportion  with  the  Diameter  of  its 
Bulk, 

The  fame  Author  tells  us,  that,  upon  ufing 
a  Sort  of  Fence  hung  upon  his  Head,  to  fhade 
his  Eves  from  the  Light  of  the  Candles  in 
reading,  a  Fly  has  fettled  upon  the  Infide 
of  that  Fence,  within  three  or  four  Inches  of 
his  Eyes,  and,  by  creeping  along  the  Edge  of 
it,  has  fuddenly  railed  in  him  the  Appearance 
of  a  Rat,  running  along  the  Floor.  This  is 
to  be  accounted  for  in  the  fame  Manner  as  in 
the  other  Phenomenon,  and  is  a  farther  Proof 
that  we  cannot  judge  rightly  of  the'  Di- 
ftance, and  confequently  of  the  Magnitude 
of  Objects,  unlefs  they  be  in  the  Plan  of  the 
Horopter. 

§  -7.  We  are  alfo  deprived  of  this  Mean  of  jud- 
ging of  Diftance,  in  all  great  Diftances,  where  the 
Diftance  of  our  Eyes  bears  no  fenfible  Propor- 
tion to  the  Diftance  of  the  Object ;  and  there- 
fore it  needs  be.no  Surprife  to  us,  that  in  fucli 
great  Diftances   it    fhould  be   impoffible   for 

Vol.  II.  Ddd  us. 


394      Of  the  Diftance  of  Objetts*       Book  V. 

us,  by  this,  or  any  other  Method,  to  judge 
rightly  of  the  Diftance  ;  becaufe  the  Change 
that  happens  here  to  this  Angle  made  at  the 
Objedt  by  the  optic  Axes  is  fo  fmall,  as  to  be 
altogether  infenfible.  What  this  Diftance  is, 
at  which  we  begin  to  be  infenfible  of  any 
"Change  in  this  Angle,  when  the  Object  is 
tranfported  to  a  greater  Diftance,  is  not  eafy 
to  determine :  The  learned  de  Chales  fays, 
we  are  infenfible  of  any  Change  in  it,  at  all 
Diftances  greater  than  120  Feet;  and  that 
any  Knowledge  we  have  of  greater  Diftances, 
is  not  from  the  Sight  alone,  but  has  always 
fomething  of  Reafoning  mixed  with  it : 
Whence  he  concludes,  that,  when  Objefts  are 
at  a  greater  Diftance  from  us  than  1 20  Feet, 
we  refer  them  to  that  Diftance,  and  judge  of 
them  accordingly.  And  this  is  the  Reafon 
he  gives,  why  the  Sun  appears  only  of  about 
a  Foot  in  Diameter ;  for,  being  feen  under  an 
Angle  of  about  30  Seconds,  a  Circle  of  about 
a  Foot  Diameter,  at  the  Diftance  of  1 20  Feet, 
is  feen  under  the  fame  Angle,  and  therefore 
they  appear  equal  (See  de  Chales's  Optics, 
Lib.  IL  Prop.  32.) 

§  8.  The  third  Mean  for  judging  of  the  Di- 
ftance of  Objects,  confifts  in  their  apparent 
Magnitudes,  or  the  Magnitude  of  their  Image 
painted  upon  the  Retina.  The  Diameter  of 
thefe  Images  does  always  diminifh  in  proporti- 
on 
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on  as  the  Diftance  of  the  Object  they  reprefent 
does  increafe ;  and  therefore,  from  this  Change 
in  the  Magnitude  of  the  Image,  we  eafily 
judge  of  the  Diftance  of  Objects,  as  often  as 
we  are  otherwife  acquainted  with  the  Magni- 
tude of  the  Objects  themfelves.  And  this  is 
the  Reafon  why  Painters  do  always  diminifh 
the  Magnitude  of  Objects  in  their  Pictures, 
in  proportion  as  they  would  have  them  appear 
at  a  greater  Diftance.  But,  as  often  as  we  are 
ignorant  of  the  real  Magnitude  of  Bodies,  we 
can  never,  from  their  apparent  Magnitude,  or 
the  Magnitude  of  their  Image  on  the  Retina, 
form  any  Judgment  of  their  Diftance.  And 
this  is  one  Reafon  why  the  Stars  do  all  ap- 
pear at  the  fame  Diftance,  tho'  it  is  certain 
that  fome  are  vaftly  nearer  than  others: 
For  there  are  an  Infinity  of  Objects  whofe 
Diftance  we  can  never  perceive,  becaufe 
we  are  intirely  ignorant  of  their  Magni- 
tude. 

§  9.  From  this  we  may  fee,  why  we  are  fo 
frequently  deceived  in  our  Eftimates  of  Di- 
ftance, by  any  extraordinary  Magnitudes  of 
Objects  feen  at  the  End  of  it ;  as  in  travelling 
towards  a  large  City,  or  a  Caftle,  or  a  Ca- 
thedral Church,  or  a  Mountain  larger  than  or- 
dinary, we  think  they  are  nearer  than  we  find 
them  to  be  upon  Trial ;  for  fmce,  by  Experi- 
ence, the  Ideas  of  certain  Quantities  of  known 

Diftance 
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Pittance  are  ufually  annexed  to  the  apparent 
Magnitudes  of  known  Objects  of  a  moderate 
Size,  and  fince  the  apparent  Magnitudes  of 
thofe  larger  Objects  at  a  greater  Diftance  are 
the  fame  as  of  the  frnailer  at  a  fmaller  Di- 
ftance, it  is  no  Wonder  they  fuggeft  the  u- 
fual  Idea  of  fmaller  Diftance  annexed  to  more 
common  Objects;  cfpeci^lly  becaufe  we  are 
ignorant  of  the  Nature  of  the  Country,  and  of 
the  Inequality  in  the  Ground  intcrpofed.  And 
this  alfo  is  the  Reafon  why  Animals,  and  all 
fmall  Objects  feen  in  Valleys  contiguous  to 
large  Mountains  appear  extraordinary  fmall : 
For  we  think  the  Mountain  is  nearer  to  us 
than  if  it  was  fmaller  ;  and  we  fliould  not  be 
furprifed  at  the  Smallnefs  of  the  Neighbour- 
ing Animals,  if  we  thought  them  farther  off; 
And  for  the  fame  Reafon  we  think  they  are 
extraordinary  fmall,  when  they  are  placed  up- 
on the  Top  of  the  Mountain,  or  upon  a  large 
Building,  which  appear  nearer  to  us  than  they 
truly  are,  becaufe  of  their  extraordinary  Mag- 
nitude. 

§10.  The  fourth  Thing  whereby  we  judge 
of  the  Diftance  of  Objects,  is  the  Force 
wherewith  their  Colour  ads  upon  our  Eyes: 
For,  if  we  are  allured  that  two  Objects  are  of 
a  fimilar  and  like  Colour,  and  that  the  one 
appears  more  bright  and  lively  than  the  other, 

we 
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we  judge,  by  Experience,  that  the  Objedt 
that  appears  moil  bright,  is  nearer  than  the 
other. 

There  are  forne  who,  in  explaining  this 
Matter,  would  have  us  believe,  that  the  Force 
wherewith  the  Colour  of  Objects  ftrikes  our 
Eyes,  muft  decreafe  in  a  reciprocal  duplicate 
Proportion  of  their  £>iftances,  became  the  In- 
teniity  and  Vigour  of  Light  does  always  de- 
creafe in  that  Proportion.  That  the  Intenfity 
or  Vigour  of  Light  does  always  decreafe  in 
a  reciprocal  duplicate  Proportion  of  the  Di- 
ftances  from  the  radiant  Point,  I  readily  ac- 
knowledge ;  for  fince  the  Light  is  diiihfed 
fpherically,  like  Rays  drawn  from  the  'Centre 
to  the  Circumference,  its  Intenfenefs  at  any 
given  Diftance  from  its  Centre  of  Activity, 
will  be  proportional  to  the  Denfity  of  its  Rays 
at  that  Diftance;  and  therefore,  if  A 
(Fiz.  25.  Plate  III,)  be  any  radiant  or  vi- 
sible Point ;  and  if,  ABE,  ACF,  ADG,  &c. 
reprefent  the  Rays  flowing  fpherically  there- 
from, the  Rays  which  at  the  Diftance  AB, 
are  diffufed  thro'  the  fphericaL  Surface  BCD, 
at  the  Diftance  of  AE,  are  difperfed  thro'  the 
whole  fpherical  Surface  EFG ;  but  the  Deniity 
of  any  given  Quantity  of  Rays  is  reciprocally 
as  the  Spaces  they  occupy  ;  that  is,  if  the 
Surface  EFG  be  double  the  Surface  BCD, 
the    Rays    at    the   Surface    BCD,     will    be 

twice 
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twice  as  thick  or  denfe  as  the  fame  Rays  at 
the  Surface  EFG  ;  and  if  the  Surface  EFG 
be  triple  the  Surface  BCD,  the  Rays  at  BCD 
xvill  aifo  be  three  times  denfer  than  the  fame 
Rays  at  the  Surface  EFG;  and  univerfally 
whatever  Proportion  the  Surface  EFG  has  to 
the  Surface  BCD,  the  fame  Proportion  will 
reciprocally  obtain  betwixt  the  Denfity  of  the 
Rays  at  the  Surface  BCD  and  the  Surface 
EFG:  But,  (as  is  manifeft  from  Ajr chi- 
med es  de  Sphera  et  Cylindro)  the  Surfaces  of 
Spheres  are  in  a  duplicate  Proportion  of  their 
Diameters  or  Radii ;  and  therefore  the  Thick- 
nefs  or  Denfity  of  the  Rays  at  the  Diftance 
AB,  is  to  their  Denfity  at  the  Diftance  AE, 
in  a  reciprocal  duplicate  Proportion  of  the 
Semidiameter  or  Diftance  AE,  to  the  Semi- 
diameter  or  Diftance  AB.  But,  as  has  been 
already  laid,  the  Vigour  or  Intenfity  of  Light 
in  any  given  Diftance  is  always  as  the 
Denfity  of  its  Rays  at  that  Diftance;  and 
therefore  the  Intenfity  of  Light  at  any  Di- 
ftance, as  AB,  will  be  to  its  Intenfenefs  at 
any  other  Diftance,  as  AE,  in. a  reciprocal 
duplicate  Proportion  of  the  Diftance  AE  to 
the  Diftance  AB ;  that  is,  as  the  Square  of 
AE  is  to  the  Square  of  AB. 

But,  tbo'  the  Intenfity  and  Vigour  of  Light 
does  thus  decreafe  in  a  reciprocal  duplicate 
Proportion  of  the  Diftances  from  the  radiant 

Point, 
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Point,  it  does  not  from  thence  follow,  that  the 
Force  wherewith  Objefts  aft  upon  our  Sight, 
does  alfo  decreafe  in  the  fame  Proportion ;  and 
that  for  this  obvious  Reafon,  viz.  That  as 
the  Itttenfity  of  Light  decreafes  by  the  Di- 
ftance of  the  Objeft,  fo  does  the  Magnitude 
of  the  Image  upon  the  Retina  alfo  decreafe  in 
the  fame  Proportion ;  and  therefore  this  Image 
will  be  as  ftrong  and  lively,  and  will  aft  as 
powerfclly  upon  the  Retina,  when  the  Objeft 
is  at  a  Diftance,  as  when  it  is  near ;  and  con- 
fequently  the  Objeft  will,  at  all  Diftances, 
appear  equally  clear  and  luminous,  unlefs  there 
be  fome  other  Caufe  that  can  make  it  other- 
wife. 

For  underftanding  what  this  Caufe  is,  we 
need  only  let  into  a  darkened  Chamber,  thro'  a 
fmall  Hole  in  the  Window-fhut,  a  Beam  of  the 
Sun's  Light :  For  this  Beam  being  feen 
like  a  luminous  Path  in  all  Pofitions  of  the 
Eye,  it  is  evident,  that  the  whole  Light  does 
not  go  forward  in  its  reftilineal  Courfe,  but 
that,  at  all  Points  of  the  Medium  thro'  which  it 
paffes,  fome  Part  of  it  is  reflected  every  Way, 
by  Means  of  which  the  Beam  becomes  Vifible; 
and  therefore  this  fame  Beam,  by  reafon  of 
the  continual  Diminution  made  in  its  Light, 
lmiil  grow  weaker  and  weaker  continually,  and 
that  in  proportion  to  the  Opacity  of  the  Me- 
dium thro'  which  it  paffes.    If  the  Air  be  pure 

and 
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and  clear,  little  light  will  be  reflected,  and 
more  will  be  tranihiitted.  If  it  be  moill  or 
ftnoaky,  more  will  be  reflected,  and  iefs  tranf- 
mitted._  But  be  it  never  fo  clear,  fonie  Part 
of  the  Light  will  always  be  reflected  or  frilled 
in  its  Paflage ;  and  conibq  uently  its  Intenfity 
muft  always  decreafe-in  proportion  to  the  Di- 
ftance  of  the  Object  from  Which  it  flows. 

Seeing  then  the  Intenfity  and  Vigour  of 
Light  does  thus  continually  decreafe,  accord- 
ing as  the  Diftance  of  the  Object  increafes, 
it  follows,  that  Objects  muft  always  appear 
lefs  luminous,  and  more  tinged  With  the  Co- 
lour of  the  Medium  thro'  which  they  are  feen, 
the  further  they  are  removed  from  our  Eyes; 
and  therefore,  when  we  are  otherwife  allured, 
that  two  Objects  are  of  the  fame  Colour,  if 
the  one  appear  more  bright  and  lively  than  the 
other,  we  are  taught  by  Experience  to  con- 
clude, that  that  which  appears  moft  bright  is 
the  neareft.  And  it  is  for  this  Reaibn,  that 
luminous  and  ftrongly  illustrated  Bodies  do 
always  appear  nearer  than  tLey  rea-ly  are. 
Whence  it  is  eafy  to  fee,  why  a  th amber  ap- 
pears iefs  when  its  Walls  are  whitened,  and  why 
the  Fields  and  Hub  appear  Iefs  when  covered 
with  Snow :  For,  in  thefe  and  fuch  like  Cafes, 
the  Brightnefs  and  Strength  of  Colour  makes 
them  feeni  nearer ;  from  which  we  conclude, 
they  are  fmaller:     For  we  always  judge  of 

the 
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the  Extenfion  and  Magnitude  of  Bodies,  by 
comparing  their  apparent  Magnitude  with  their 
Di fiance..  From  this  alio  we  may  fee, '  why 
Fire 'and  Flame  appear  fo  fmall  when  they  are 
feen  at  a  Diftance  in  the  Night-time.  For 
the  Pupil  being  then  much  dilated,  more 
Light  will  enter  the  Eye,  which,  by  acting 
more  powerfully  on  the  Retina,  rauft  make  the 
Qbje:t  appear  much  nearer,  from  which  it 
will  be  judged  fin aller.  • 

And  as  bright  and  luminous  Bodies  appear 
nearer  and  leis  than  they  really  are,  fo,  on 
the  contrary,  dark  Objects,  and  Objects  that 
are  faintly  illuminated,  do  always  appear  far- 
ther off  and  greater,  by  reafon  of  the  Faintnefs 
and  Ohlcurity  of  their  Colour.  This  is  par- 
ticularly obfervable,  when  dark  Bodies  are  feen 
in  the  Twilight,  which'  always  feem  farther  off 
and  Greater, trian  when  feen  in  the  brighter  Lip-ht 
of  Day.'  And  it  is  alio  for  the  like  Reafon,  that 
the  apparent  Diftance  and  Magnitude  of  Ob- 
jects arc  increa fed  when  feen  in  mifty  Weather: 
For  much  Light  being  intercepted  or  fcattered 
irregularly  in  its  Tallage  thro'  the  Mill,  lefs  of 
it  will  enter  the  Pupil,,  and  confequentiy  it  will 
act  leis  forcibly  on  the  Retina  ;  from  which  the 
Object  will  be  efteemed  at  a  greater  Diftance, 
and  bigger  than  it  ought  :/-  And  indeed,  the 
Deception  of  Sight  arifing  from  this  Caufe,  is. 

Vo  l  .  II.  E  c  e  fo 
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fo  great,  that  I  have  been  told,  that  a  diftant 
Sheep  has  fometimes  in  a  mifly  Day  been 
miftaken  for  a  Horfe. 

And  this  Opacity  of  the  Atmofphere  which 
hinders  Part  of  the  Light  from  coming  to  the 
Eye,  is  alfo  the  Reafon  why  the  San,  Moon 
and  Stars,  appear  very  faint  when  near  the 
Horizon,  and  brighter  continually  as  they  rife 
higher :  For  the  Traft  of  Air  and  Vapours 
which  lies  in  the  Way  of  the  Rays,  is  longefl 
and  thickeft  near  the  Horizon,  and  becomes 
thinner  and  ihorter  as  the  Objects  rife  higher, 
and  confequently  does  lefs  obftruft  thePaffage 
of  the  Rays  %      And  this  to  me  feems  to  be 

one 


*  M.  Bouguer,  ProfefTor  of  Hydrography  at  Crei/tc  found 
by  Experiments  that  the  Light  of  the  Moon  is  frequently  2000 
Times  weaker  in  the  Horizon  than  at  the  Altitude  of  66  De- 
grees ;  and  that  the  Proportion  of  her  Lights  at  the  Altitudes 
of  66  and  19  Degrees,  is  about  3  to  2.  And  the  Lights  of  the 
Sun  and  Stars  mufr.  bear  the  fame  Proportion  to  each  other  at 
thofe  Heights,  which  he  made  Choice  of,  as  being  the  Meridian 
Heights  of  the  Sun  at  the  Summer  and  Winter  Solftiees  in  the 
Latitude  of  Crozfic^.  His  Manner  of  Tsial  was  this:  When  the 
Moon  was  19  Degrees  high,  he  received  her  Light  perpendicu- 
larly upon  a  white  Paper,  and  alfo  the  Light  of  4  Candles  per- 
pendicularly upon  another  Paper  hard  by  ;  then  he  ordered  the 
Diitance  of  the  Candles  to  bs,  varied,  till  he  judged  their  Light 
upon  the  Paper  to  be  equal  to  that  of  the  Moon  upon  the  other 
Paper ;  and  found  the  Diilancc-  of  the  Candles  from  the  Paper 
to  be  qo  Feet :  Then  he  repeated  the  fame  Experiment  when 
the  Moon  was  66  Degrees  high,  and  found  her  Light  equal  to 

that 
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one  Reafon  why  thefe  Bodies  appear  always 
the  bigger  the  nearer  they  are  to  the  Korizorr : 
For,  fmce  they  appear  fainter,  they  will  alfo  ap- 
pear at  a  greater  Diftance  ;  from  which  they 
will  alfo  appear  bigger  for  the  fame  Reafon 
that  Objects  appear  fo  in  mifty  Weather. 

From  all  which  I  think  we  may  fafely  con- 
clude, that  the  apparent  Colours  of  Bodies  are 
very  ufeful  for  us  in  judging  of  their  Diftances 
as  often  as  we  are  .otherwife  well  acquainted 
with  the  Intenfity  and  Vigour  of  their  Colour 
at  any  other  determined  Diftance.  And  it  is 
from  this  Principle  that  ikilful  Painters  do 
upon  the  fame  Plane  reprefent  Objects  at 
different  Diftances,  by  increafing  or  dimi- 
nifhing  the  Intenfenefs  of  their  Colour,  ac- 
cording as  they  would  make  them  appear 
nearer  or  farther  off. 

It  is  indeed  true,  that  the  Pupil,  by  its  con- 
tractile Power,  does  always  proportion  itfelf,  as 
much  as  poffible,  to  the  Vigour  and  Strength 
of  Light ;  from  which  fome  may  think  it  fliould 

be 


that  of  the  fame  Candles  at  the  Diftance  of  41  Feet  from  the 
Paper.  The  Proportion  of  thefe  Lights  is  therefore  as  the 
Square  of  50  to  the  Square  of  41,  or  in  round  Numbers  about  3 
to  2.  The  horizontal  Light  of  the  Moon  was  found  the  fame 
Way,  but  is  fubjedl  to  greater  Variations,  by  palling  thro*  more 
Vapours.  See  his  EJfal  dioptrique  fur  la  Gradation  de  la  Lumiere, 
tap.  22. 
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be  impoffible  for  us  to  judge  of  the  Diftance 
of  Objects  from  their  apparent  Colour,  or  the 
Force  wherewith  they  act  upon  our  Eyes. 
But  to  this  it  is  eafy  to  anfwer,  that  the 
Dilatation  and  Contraction  of  the  Pupil  is 
fenfible  to  us,  becaufe  it  depends  on  the  Moti- 
on of  the  Uvea  that  we  feel,  which  Motion 
proceeds  from  the  different  Force,  wherewith 
the  Light  acts  upon  our.  Eye,  which  there- 
fore muft  always  be  fenfible  to  us ;  and  there- 
fore, tho'  thePapil  fhould,  by  its  Contraction, 
allow  no  more  Light  to  pafs  to  the  Retina, 
when  the  Object  is  near,  than  when  it  is 
farther  off,  yet  we  are  very  fenfible  of  the 
Intenfenefs  of  its  Light,  becaufe  we  know 
that  the  Pupil  is  then  contracted.  And  be- 
sides, when  the  Pupil  is  contracted,  we  fee 
more  diftinctly  than  when  it  is  dilated,  by  which 
alfo  we  are  affifted  in  judging  of  the  Diftances 
of  Objects. 

§  11.  The  fifth  Mean  for  judging  of  the 
Diftances  of  Objects,  confifts  in  the  different 
Appearance  of  their  final}  Parts ;  when  thefe 
Parts  appear  diftinct,  we  judge  that  the  Object 
is  near,  but  when  they  appear  confufed,  or  when 
they  do  not  at  all  appear,  we  judge  that  it  is  at 
a  greater  Diftance. 

For  underftanding  this,  we  muft  confider, 
that  the  Diameters  of  the  Images  painted  upon 
the  Retina   are   always  dimiiiifhed,  according 

as 
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as  the  Diftance  of  the  Objects  they  reprefent 
is  increafed ;  and  therefore  any  Object  may 
be  made  to  vanifh,  by  placing  it  at  fuch  a 
Diftance  from  our  Eyes,  as  to  make  its  Picture 
infeniible?  becaufe  of  its  Smallnefs  5  but,  the 
fiiialler  the  Object  be,  it  will  fooner '  vanifh : 
Hence  it  is,  that  all  the  fmafl  Parts  of  an  Ob- 
ject are  not  feen  at  every  Diftance ;  for  the 
Ieaft  vifible  Part  will  always  be  fmaller  or 
greater,,  according  as  the  Object  itfelf  is  nearer 
or  farther  off.  Thus  the  lead  Part  that  is 
villble  at  one  Foot  Diftance,  will  vanifh  at  two 
Feet  Diftance,  and  the  leaft  Part  that  is  vifible 
at  two  Feet  Diftance,  will  become  invisible 
at  three  Feet  Diftance,  and  fo  forth  without 
End.  From  all  which,  it  is-  manifeft,  that 
when  the  Eye  can  fee  diftinctly  the  fmall 
Parts  of  an  Object,"  it  muft  judge  that  that 
Object  is  nearer  than  any  other,  whofe  equal 
Parts  are  not  at  all  feen,  or  only  feen  confufed- 
ly.  Painters  are  well  acquainted  with  this,  who 
therefore,  to  reprefent  Objects  at  different  Di- 
ftances  upon  the  fame  Plane,  do  always  paint 
them  diftinct  or  confufed  in  proportion  as  they 
would  make  them  appear  nearer  or  farther  off; 
for,  when  the  Picture-  is  confufed,  its  fmall 
Parts  cannot  be  diftinctly  feen,  and  there- 
fore we  judge  it  at  a  greater  Diftance 
than  fuch  as  have1  their  Parts  more  diftinctly 
painted. 

^>   12. 
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§  12.  The  fixth  and  laft  Mean  which  we 
have  forjudging  of  the  Diftance  of  Qbjedts  is, 
That  the  Eye  does  not  reprefent  to  our  Mind 
one  Object  alone,  but  at  the  fame  Time  it 
makes  us  alfo  fee  all  thofe  that  are  placed  be- 
twixt us  and  the  principal  Object  whofe  Di- 
ftance we  confider :  As  for  Inftance,  when  we 
look  at  any  diftant  Object,  fuch  as  a  Steeple, 
we  commonly  fee  at  the  fame  Time  feveral 
Fields  and  Houfes  bewixt  us  and  it;  and 
therefore,  becaufe  we  judge  of  the  Diftance 
of  thefe  Fields  and  Houfes,  and  at  the  fame 
Time  fee  the  Steeple  beyond  them,  we  conclude, 
that  it  is  removed  to  a  much  greater  Diftance, 
and  even  that  it  is  every  way  larger  than 
when  it  is  feen  alone,  without  the  Interpoft- 
tion  of  any  other  vifible  Objeft;  and  yet  it  is 
certain,  that  the  Image  thereof  that  is  painted 
upon  the  Retina,  is  always  the  fame  in  both 
Cafes,  provided  that  we  fee  it  from  a  Place 
equally  diftant. 

Thus  you  fee  how  we  judge  of  the  Magnitude 
of  Objects  from  their  apparent  Diftance,  and 
how  the  Bodies,  that  we  fee  betwixt  us  and  any 
Object,  affift  us  in  judging  of  its  Diftance,  juft 
as  by  the  confufed  Remembrance  of  all  that 
we  have  done  or  fuifered,  and  of  all  the 
Thoughts  we  have  had,  we  are  enabled  to 
form  a  Judgment  concerning  the  Extent  of 
our  Duration,  or,  which  is  the  fame  Thing, 

of 
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of  the  Magnitude  or  Extent  of  Time  which 
has  palTed  fince  we  performed  any  particular 
Action :  For  it  is  theie  fu'ccefli ve  Thoughts  and 
Aftions  which  enable  our  Mind  to  judge  of 
the  pad  Time,  or  the  Extent  of  any  Part  of 
our  Duration  ;  or  rather  the  confuted  Remem- 
brance of  all  thefe  fuccefilve  Thoughts  and 
Anions,  is  the  fame  Thing  with  the  Judg- 
ment of  our  Duration,  as  the  confufed  Sight 
of  Fields  $n4  other  Objedts  that  are  betwixt 
us  and  the  Steeple  is  the  fame  Thing  with  the 
Judgment  we  have  of  its  Diftance. 

§  13.  And  this  affords  us  another  Reafon 
why  the  Moon  appears  greater  when  fhe  rifes, 
than  afterwards  when  fhe  is  much  elevated 
above  the  Horizon ;  for  when  fhe  rifes,  by 
reafon  of  the  Iriterpofition  of  the  Fields,  fhe 
appears  removed  to  the  Diftance  of  feveral 
Leagues,  viz.  beyond  the  fenfible  Horizon,  or 
that  Part  of  the  terraqueous  Globe  which 
terminates  our  Sight ;  whereas,  at  a  great 
Height,  no  Body  being  interpofed  betwixt  her 
and  us,  we  don't  judge  that  fhe  is  above  Half 
a  League  diftant.  But,  feeing  Obje&s  do  al- 
ways appear  fmaller  or  greater,  according  as 
we  judge  them  nearer  or  farther  off,  it  fol- 
lows, that  the  Moon  muft  appear  greater  when 
near  the  Horizon,  than  afterwards  wheu  fhe 
is   much  elevated,  by  reafon  of  the  different 

Judgments 
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Judgments  we  form  of  her  Diftance  in  thefe 
Cafes. 

From  what  hath  been  faid,  it  is  eafy  to 
fee,  why  Diftances  from  the  Eye  feen  upon  a 
rough  uneven  Surface,  appear  fhorter  than  it 
was  perfectly  plain.  For  the  Inequalities  of 
the  Surface,  fiich  as  Hills  and  Holes  and 
Rivers,  that  lie  low  and  out  of  Sight,  either 
do  not  appear,  or  hinder  the  Parts  from  ap- 
pearing that  lie  behind  them ;  and  fo  the 
whole  apparent  Diftance  is  diminifhed  by  the 
Parts  that  do  not  appear  in  it.  And  this  is  the 
Pveafon  that  the  Banks  of  a  River  appear 
contiguous  to  a  diftant  Eye  when  the  River 
is  low  and  not  feen;  and  that  we  are  frequent- 
ly jiik  grtain  whether  the  Objects  we  fee  are  on 
this  or  that  Side  of  it. 

For  the  fame  Reafon,  when  a  Flag  or  , 
Weather-ecck  appears  above  any  high  Build- 
ing, the  Sight  alone,  at  a  moderate  Diftance, 
cannot  diiiinguifh  whether  it  belongs  to  that 
Building  or  to  feme  oiher  behind  it.  And 
it  has  fometimes  happened,  that,  in  the  Duik 
of  the  Evening,  a  red  Coat  of  Arms  upon 
the  top  of  a  Gate  at  the  End  of  a  Walk, 
has  been  taken  for  a  Bnck-houfe  in  the  Fields 
beyond  it;  which  may  proceed  from  the  like 
Caufe;  for  not  being  able  to  diiceni  the 
Quantity  of  Ground  interpofed,  we  may  refer 
the  Qbjedt  to  the  Brighter  Sky  in  the  Horizon, 

and 
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and  fo  think  it  remoter  and  confequently  larger 
than  it  really  is* 

§  14.  There  are  then  fix'  Means  which 
ferve  our  Sight  for  judging  of  the  Diftance  of 
Objects,  viz.  their  apparent  Magnitude,  the. 
Vivacity  of  their  Colour,  the  Diftindion  of 
their  fmaller  Parts,  the  neceffary  Conformation 
of  the  Eye  for  feeing  diftin&ly  at  different  Di- 
flances,  the  Direction  of  their  Axes,  and  the 
Interpofition  of  other  Objects  betwixt  us  and 
the  principal  Object  whofe  Diftance^wre  confi- 
der.  Of  thefe  fix  Things  which  ferve  to 
make  Objects  appear  near  or  far  off,  there 
are  only  the  three  fir  ft  that  Painters  can  poffi- 
bly  make  ufe  of  in  their  Pictures ;  whence  it 
is,  that  it  is  impoflible  for  them  perfectly  to 
deceive  the  Sight.  But,  in  the  Decoration 
of  Theatres,  where  all  thefe  fix  Things  are  art-* 
fully  conjoined,  one  needs  not  be  furprifed,  if  he 
cannot  help  being  deceived ;  for,  in  the  Scenes, 
care  is  taken  to  diminifh  the  Magnitude  of  Ob- 
jects in  proportion  as  one  would  make  them 
appear  far  off,  while  at  the  fame  time  they 
diminifh  the  Vivacity  of  their  Colour,  and 
likeways  paint  them  confufedly,  that  the  fmal- 
ler Parts  may  not  be  feen  diftinffly  :  And 
thus  the  three  firft  Means  for  judging  of  the 
Diftances  of  Objecls  are  perfectly  fatisfied.  And, 
for  the  three  laft,  they  represent  on  different 
Planes,  obliquely  placed,  and  a  little  removed 
from  each  other,  the  Parts  cf  the  fame  Ob~ 
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jecl  which  they  would  make  appear  at  differ- 
ent Diftances,  fuch  as,  the  Pillars  of  any  of  the 
Orders  of  Architecture;  by  which  means  the 
two  Eyes  are  obliged  to  change  their  Directi- 
on for  feeing  diftinctly  the  different  Parts  of 
the  Object,  whether  on  the  fame  or  different 
Planes.  And  this  Reprefentation  of  Objects, 
or  the  different  Parts  of  the  feme  Object  on 
inclined  Planes  placed  at  a  Diftance  one  be- 
hind another,  dees  alfo  occafion  that  Change 
in  the  Conformation  of  cur  Eyes,  by  which 
we  like  wife  judge  of  Diftances  that  are  within 
the  Limits  of  diftinct  Viilon ;  and,  when  the 
Object  is  beyond  the  fartheft  of  thefe  Limits, 
as  indeed  all  the  Reprefentations  made  in  the 
Theatres  commonly  are,  the  Degree  of  Con- 
fufion,  arifing  from  this  Pofition  of  the  Planes, 
fupplies  the  Place  of  this  Change  in  the  Con- 
formation of  the  Eye  in  forwarding  the  De- 
ceit; fo  that  all  the  fix  Means  whereby  we 
judge  of  the  Diftance  of  Objects  are  fatisned, 
excepting  the  iaft  ;  which  might  a  little  difco- 
ver  the  Cheat,  were  not  Care  taken  to  repre- 
fent,  according  to  the  ftricteft  Rules-  of  Per- 
fpedive,  a  Series  of  Objects  lying  at  different 
Diftances,  on  the  inclined  and  differently  re- 
moved Planes  of  which  their  Scenes  are  com- 
poied ;  fo  that,  when  we  view  any  of  thefe 
Objects,  we  cannot  help  judging  them  farther 
off  than  really  they  are,  becaufe  we  fee  fo  ma- 
ny 
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ny  other  Objects  placed  betwixt  them  and 
our  Eyes.  And  thus  you  fee,  how,  by  Art, 
all  the  Means  whereby  we  judge  of  the  Di- 
ftances  of  Objects  may  be  fatisfied,  and  we 
thereby  deceived.  And  what  contributes  yet 
further  to  the  Perfection  of  the  Cheat,  is 
the  falfe  Light  wherewith  thefe  Decorations 
are  always  illuminated. 


CHAP.     VI. 

Of  the  Situation  of  Objects. 

Sect.  x.^lpH  E  Sixth  Phenomenon  of  Vifi- 
f"  en,  which  now  fails  to  be  ex- 
plained, is  the  Situation  of  Bodies.  This  the 
Mind  eafilv  perceives,  from  the  Situation  of 
their  Image  painted  on  the  Retina-,  for  if  this 
Image  be  in  the  Axis  of  the  Eye,  we  con- 
clude that  the  Object  is  ftraight  before 
us  ;  if  it  be  on  the  Left  of  the  Retina> 
we  judge  that  the  Object  is  on  the  Right- 
hand  ;  if  it  be  on  the  fnperior  Part  of  the 
Retina,  we  thence  perceive  that  the  Object  is 
below  ;  and  the  fame  of  all  other  Situa- 
tions :     For  we  have  before  demon  ftrated,  that 

the 
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the  Images  of  Objects  are  always  inverted 
upon  the  Retina,  and  therefore  towards  what- 
ever Side  of  the  Axis  of  the  Eye  any  Object 
is  fituated,  its  Picture  will  always  fall  on  the 
oppofite  Part  of  the  Retina.  We  have  alfo  de- 
monflrated,  that  every  Object  and  Part  of  an  Ob- 
ject isfeen,  not  in  the  Retina,  but  in  Right-lines 
drawn  from  their  Image  to  the  Centre  of  the  Eye, 
and  thence  continued  outwards  ;  and  therefore, 
becaufe  of  the  Interferon  of  thofe  Lines  at 
the  Centre  of  the  Eye,  we  muft  necefiarily  per- 
ceive that  Objects  are  fituated  towards  that 
Side  of  the  Axis  of  the  Eye  that  is  oppofite 
to  the  Place  of  the  Retina  on  which  their 
Image  fails, 

§  2.  Thus  in  general,  we  eafiiy  judge  of 
the  Situation  of  Objects,  from  the  Situation  of 
their  Pictures  on  the  Retina ;  but  wre  can  never 
determine  how  far  they  are  diftant  from  each 
other,  or  from  the  Axis  of  Vifion,  that  is> 
how  far  they  are  above  or  below,  or  on  either 
hand,  unlefs  we  alfo  know  their  Diftance  from 
the  Eye  •  but  this  being  known,  we  can  judge 
with  fufficient  Exactness  of  the  true  Situation 
of  Objects,  and  of  alt  their  Parts/ by  tracing 
back  the  Imprefhons  they  make  on  the  Retina, 
along"  the  above-mentioned  Right-lines  drawn 
from  that  Place  of  the  Retina  on  which  their 
picture  is  projected,  through  the  Centre  of  the 

Lye ; 
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Eye  ;  for  thefe  Lines  continued  outwards,  lead 
to  the  Object  itfelf,  and  the  feveral  Parts  of 
it,  which  muft  therefore  all  appear  in  the 
Place  where  they  are ;  whence  their  Situation 
will  be  known  to  us,  as  has  been  fully  explain- 
ed before,  to  which  the  Reader  may  have  re- 
courfe. 


CHAP.     VII. 

Of  the  Figure  of  Qbjelis. 

Sect.  i.  r  I  SH  E  Seventh  Fhtnomenon  of 
JL  Vifion,  is  the  Figure  of  Ob- 
jects. This,  after  what  hath  been  faid,  fcarce 
needs  any  Explanation  ;  for  the  Figure  of  a 
Body  is  nothing  but  the  relative  Situation  of 
the  ieveral  Parts  of  its  Surface,  that  limit  or 
terminate  its  Extenfion  ;  feme  are  nearer,  others 
farther  off;  feme  are  ftraight  before  us,  others 
are  on  the  upper,  lower,  right  or  left  Side; 
and  therefore,  to  judge  of  the  Figure  of  Ob- 
jects, nothing  is  required,  but  to  judge  of  the 
Diftance  and  Situation  of  their  feveral  Parts. 
But  this  we  have  already  accounted  for  ;  and 
therefore,  without  faying  any  thing  further  up- 
i  on 
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on  it,  I  fhall  pafs  to  the  Confideration  of  Mr. 
Molyneux's  ingenious  Queftion,  which  he 
propofed  to  Mr  Locke,  namely, 

§  2.  "  Suppofe  a  Man  horn  blind,  and 
"i  now  Adult,  and  taught  by  his  Touch  to 
"  diftinguifh  between  a  Cube  and  a  Sphere  of 
".the  fame  Metal,  and  Highly  of  the  fame 
"  Bignefs,  fo  as  to  tell  when  he  felt  one  and 
"  the  other,  which  is  the  Cube,  which  the 
"  Sphere  ;  fuppofe  then  the  Cube  and 
"  Sphere  placed  on  a  Table,  and  the  Blind- 
"  man  to  be  made  to  fee:  Query,  Whe- 
"  ther  by  his  Sight,  before  he  touched  them, 
"  he  could  now  diftinguifh  and  tell  which  is 
"  the  Globe,  which  the  Cube. 

To  this  Queftion,  both  thefe  profound  Phi- 
lofophers  pronounce  in  the  negative,  and  are 
of  Opinion  that  the  Blind-man  would  not  by 
Sight  alone  be  able  to  fay  with  Certainty  which 
was  the  Globe  which  the  Cube ;  and  yet,  not- 
withftariding  the  great  Deference  I  have  for  the 
Opinion  of  fo  able  Judges,  I  cannot  help  think- 
ing that  they  muft  be  miftaken  ;  for,  I  have  al- 
ready demonftrated,  that  the  Judgments  we  form 
of  the  Situation  and  Diftance  of  vifual  Objeds 
depend  not  on  Cuftoni  and  Experience,  but  on 
an  original,  connate  and  immutable  Law,  to 
which  our  Minds  have  been  fubje&ed  from  the 
Time  they  were  firft  united  to  our  Bodies; 
and  therefore  the  blind  Perfon,  immediately 
upon  receiving  his   Sight,  muft,  by  virtue  of 

this 
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this  Law,  by  his  Eyes  alone,  without  any 
Affiftance  from  his  other  Senfes,  immediately 
judge  of  the  Situation  of  all  the  Parts  of  the 
Globe  and  Cube,  and,  by  feeing  them  in  the 
Place  where  they  are,  muft  receive  an  Idea  of 
the  Figure  of  thofe  Bodies,  from  which  he 
will  be  able  to  tell  which  is  the  Globe,  and 
which  the  Cube :  For  the  Idea  which  a  blind 
Man  mult  needs  form  of  a  Globe  by  his 
Touch,  will  be  this,  that  it  is  a  Body  which 
is  exactly  alike  on  all  Sides ;  for,  let  him  roll 
it  as  often  as'he  will  between  his  Hands,  he  can 
find  no  Manner  of  Difference  between  the  one 
Side  and  the  other  :  But  this  is  the- very  Idea 
which  at  firft  Sight  fach  a  Man  will  form  of  it 
by  his  Eyes,  and  confequently  he  muft  at 
firft  Sight  know  it  to  be  a  Globe,  and  not  a 
Cube. 

In  like  Manner,  the  Idea  which  a  blind 
Man,  by  his  Touch,  forms  of  a  Cube,  muft 
be,  that  it  is  a  Body  which  is  not  alike  in 
every  Part  of  its  Surface ;  for,  in  one  Part, 
he  feels  a  fmooth  Flat,  in  another,  a  fharp 
Point  of  an  Angle,  and*  in  a  third,  a  long 
Ridge,  which  reaches  from  one  Angle  to 
another  ;  and  this  is  the  precife  Idea,  •  which, 
upon  the  firft  View,  fuch  a  Man  will  frame 
of  it  by  Sight ;  and  therefore,  at  firft  Sight, 
he  will  know  it  to  be  a  Cube,  and  not  a 
Globe. 

He 
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He  will  not  indeed,  by  Sight  alone,  be  able 
to  tell  whether  what  he  fees  will  affect  the 
Touch  with  an  Idea  of  Solidity  and  Rcfiftance ; 
for  what  he  fees  may,  for  any  Thing  he  can 
know  by  Sight,  be  like  the  Image  feen  behind 
a  looking  Glafs,  which  does  not  at  all  affecl 
the  Touch ;  but  if  the  Words  Globe  and  Cube 
are  underftood  to  include  nothing  but  Figure* 
abftracled  from  all  other  tactile  Qualities,  he 
mull  at  firft  Sight,  by  feeing  all  the  Parts 
of  the  Figure  in  the  Place  where  they  are, 
know  the  Globe  and  the  Cube,  and  be  able 
to  diftinguilh  them  by  their  proper  Names. 


CHAP.     VIII. 

Of  tlx  Motion  of  ObjeSs. 

Sect.  I.  f  |  SHE  loft  Phenomenon  of  Vifion 
JL    which  I  fhall   confider,  is  the 
Motion  of  Bodies. 

By  Motion  I  do  not  mean  the  Force  or 
Moment  wherewith  a  Body  is  moved,  and 
which  may  be  confidered  as  the  Caufe  of  its 
Motion.  This  is  indeed  frequently  meant  by 
the  Term  Motion,  and  is  always  as  a  Re&angle, 

or 
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or  Product  under  the  Quantity  of  Matter  and 
Velocity  of  the  moving  Body;  but  by  the 
Word  Motion  we  here  underftand  that  con- 
tinual and  fucceflive  Change  of  Place,  where? 
by  the -moving  Body  is  brought  nearer  to, 
or  farther  from  another  Body  that  is  con- 
sidered as  abfoiutely  at  Reft :  Motion  taken 
iti  this  Senfe,  is  fenfible  to  the  Eye,  and  there- 
fore deferves  a  Place  amongft  the  Phenomena 
of  Vifiou. 

§  2.  But  it  is  carefully  to  be  obferved,  that 
our  Eyes  do  never  inform  us  what  the  Mag- 
nitude or  Celerity  of  Motion  is,  confidered 
abfoiutely  and  in  itfelf,  but  only  what  it  is 
relatively,  when  compared  with  fome  other 
Motion :  For  we  have  before  demonstrated, 
that  by  our  Sight  we  can  never  judge  of  the 
abfolute  Magnitude  or  Extenfion  of  Bodies, 
but  only  of  their  relative  Magnitude,  that  is, 
the  Magnitude  which  they  have  when  com- 
pared together:  Whence  I  conclude,  that  we 
can  never  know  the  abfolute  Magnitude  or 
Celerity  of  their  Motions,  but  only  the  pro- 
portion that  thefe  Motions  bear  to  one  another ; 
for,  'dice  we  cannot  judge  of  the,  Celerity 
wherewith  a  Body  moves,  but  by  the  Mag- 
nitude of  the  Space  it  runs  thro',  it  fol- 
lows, that  we  can  never  judge  of  the  ab- 
folute Celerity   of  Bodies,  by  rcafon   we   are 

Vol.  II.  G  gg  entirely 
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entirely  ignorant  of  the  abfolute  Length  of  that 
Space. 

But  this  is  not  all ;  for  tho'  we  were  well 
•afllired  of  the  abfolute  Magnitude  of  the  Space 
described  by  a  moving  Body,  yet  even  then 
we  could  not  at  all  know  the  abfolute  Mag- 
nitude or  Celerity  of  its  Motion;  for  the 
Celerity  of  Motion  includes  two  Things. 
The  firjl  is,  the  Tranflation  of  a  Body  from 
one  Place  to  another,  as  from  Edinburgh  to 
Leitb;  the  fecond  is,  the  Tiitie  required  for 
that  Tranflation.  It  is  not  fufficicnt  to  know 
exaclly,'  how  much  Space  there  is  betwixt 
Edinburgh  and  Leiri\  in  order  to  know  if  a 
Man  has  gone  thither  with  a  quick  or  flow 
Motion:  To  know  this,  it  is  alfo  neceffary 
to  know  how  much  Time  he  has  employed  in 
the  Motion ;  and  therefore,  fuppofmg  that  the 
Lemrth  of  the  Road  were  exactly  known,  vet 
it  is  abfoluteiy  impoffible  for  us,  by  our  Eyes, 
to  judge  rightly  of  the  Celerity  of  the  Motion^ 
becaufe  we  cannot  judge  rightly  of  the  Time 
employed  in  % 

That  we  never  know  the  abfolute  Extent 
.  or  Magnitude  of  Time,  needs  no  Proof;  Ex- 
perience teaches  us,  that,  at  certain  Times, 
an  Hour  appears  as  long  as  four,  and,  on  the 
contrary,  at  other  times,  four  Hours  run  in- 
fenfibly  :  As  for  Inftance,  when  one  is  elevated 
with  Joy,  the  Hours  do  not  laft  but  a  Moment, 

becaufo 
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becaufe  the  Time  then  pafles  without  our 
thinking  of  it ;  but  when  one  is  funk  under 
a  Load  of  Grief,  or  fuffers  fome  violent  Pain* 
the  Days  do  iait  whole  Years.  The  Eeafbn 
of  which  is,  that  the  Mind  is  then  wearied  of 
its  Duration,  becaufe  it  is  painful  and  uneafy 
to  it;  for  as  the  Mind  then  applies  itfelf  more 
to  the  paffing  Time  as  it  flows,  it  mull  know 
it  better,  and  thence  judge  it  longer,  than  during 
Joy,  •which  makes  it  as  it  were  fally  out  of 
itfelf,  and  negkel  every  thing  elfe  for  to  attach 
Itfelf  intirely  to  the  Object  of  its  Joy ;  for, 
as  a  Perfoti  finds  a  Picture  fo  much  the  larger* 
that  he  confiders  with  more  Attention  the 
fmalleft  Things  therein  reprefented,  or,  as  one 
finds  the  Head  of  a  Fly  very  large  when  he" 
diftinguifhes  with  a  Microfcope  all  the  minute 
Parts  of  which  it  is  compofed ;  fo,  in  like 
Manner,  the  Mind  does  always  find  Duration 
fo  much  the  greater,  that  it  confiders  it  with 
more  Attention,  And  I  have  no  doubt,  but 
God  might  have  fo  applied  our  Minds  to  the 
fmall  Parts  of  Duration,  by  making  us  have 
a  vaft  Number  of  Senfations  in  a  very  little 
Time,  as  thereby  an  Hour  might  appear  to  us 
feveral  Ages;  for,  as  there  are  no  Atoms  in 
Bodies,  fo  there  are  no  Inftants  in  Time;  and 
as  the  fmalleft  Particle  of  Matter  is  divifible 
in  infinitum  \  fo  there  is  no  Inftant  of  Time 
fo  finally  but  frill  another  yet   fmaller  may  be 

given 
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given  in  infinitum ;  and  if  the  Mind  were 
made  attentive  to  thefe  little  Parts  of  its  Dura- 
tion, by  Senfations  that  leave  inch  Impreffions 
on  the  Brain,  as  are  neceffary  for  rem'embring 
them,  there  can  be  little  doubt,  but  it  would 
judge  Duration  much  longer  than  it  now  does ; 
for,  that  we  have  no  certain  Knowledge  of 
Duration,  confiderecl  abfoluteiy  and  in  itfeif, 
is  evident  from  the  Ufe  of  Watches,  which  we 
are  obliged  to  confult,  to  know  the  Extent  of 
the  Time  that  is  paffed. 

Now,  fince  it  is  certain,  that  we  can  never 
know  the  'abfolute  Magnitude  of  Duration, 
it  follows,  that  we  can  never  know  the  abfolute 
Magnitude  of  Motion ;  but,  becaufe  we  can 
eaiily  judge  of  the  relative  Magnitude  of  Times 
or  Durations,  by  comparing  them  together,  fo 
likewife  we  can  eaiily  judge  of  the  relative 
Velocities  wherewith  Bodies  are  moved ;  for, 
as  we  know  that  a  folar  Year  is  greater  than 
a  lunar  Year,  fo  likewife  we  eafily  difcover 
that  a  Cannon  Bullet  has  a  greater  Volocity 
than  a  Tortoife:  So  that,  tho'  our  Eyes 
do  not  inform  us  of  the  Magnitude  of  Motion 
confidered  abfoluteiy,  yet  they  are  not  wanting 
in  aflifting  us  to  difcover  pretty  exactly  its  re- 
lative Magnitude,  that  is,  the  Proportion  that 
one  Motion  has  to  another.  And  it  is  this 
alone  that  is  neceffary  to   be   known  for  the 

Prefervation 
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Trefervation  of  our  Bodies,  for  whicli  our  Eyes 
were  principally  given  us. 

§  3.  How,  by  our  Eyes,  we  perceive  tiie 
relative  Motion  of  Bodies,  may  be  eafily  under- 
ftood  from  what  hath  been  laid,  in  ipeaking 
of  their  Situation  ;  for,  line e  Motion  is  nothing 
but  a  continual  and  fucceffive  Change  of  Si- 
tuation, we  mud,  by  the  fame  Means  whereby 
we  judge  of  the  Situation  of  Bodies,  be  alfo 
enabled  to  judge  of  their  Motion :  As  for  In- 
itance,  fiippofe,  i/?/y,  That  a  Body  moves 
itreight  to  or  from  our  Eyes,  in  that  Cafe  we 
judge  of  its  Motion  by  the  Means  whereby  we 
are  fenfible  of  the  continual  and  fucceffive 
Change  in  its  Biftance.  &Mj\  When  the 
Body  moves  tranfverfeiy  in  a  Plane  parallel  to 
our  Eyes,  we  judge  of  its  Motion  from  the 
Motion  of  its  Image  on  the  Retina,  while  the 
Eye  is  fuppofed  at  reft ;  but  when  the  Eye 
moves,  and  is  continually  turned  and  direfted 
to  the  moving -Body,  we  are  then  made  fenfi- 
ble of  its  Motion,  from  that  Motion  that  is 
neceffary  for  keeping  our  Eyes  fixed  on  the 
Body:  And,  la/lly,  When  a  Body  is  moved 
obliquely,  that  is,  when,  in  moving  tranf- 
verfeiy, it  alfo  changes  its  Di  fiance,  we  then 
judge  of  its  Motion,  not  only  from  the  Moti- 
on of  its  Image  on  the  Retina,  but  alio  from 
our  beinf;  fenfible  of  the  continual  and  iuccef- 

five 
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five  Change  which  happens  with  refpect  to  its 
Diftance, 

§  4.  Thus,  in  general,  the  Motion  of  Ob- 
jects are  made  fenfible  to  us ;  and  from 
thence  we  may  eafily  account  for  moll  of  the 
Phenomena  with  regard  to  the  Motion  of  Vix 
fibles  ;    fuch  as, 

imo9  An  Object  moving  very  fwiftly  is  not 
feen  unlefs  it  be  very  luminous.  Thus  a  Can- 
non Ball  is  not  feen  if  it  is  viewed  tranfverfely  ; 
but  if  it  be  viewed  according;  to  the  Line  it  de- 
fcribes,  it  may  be  feen,  becaufe  its  Picture 
continues  long  on  the  fame  Place  of  the  Retina, 
which  therefore  receives  a  more  fenfible  Im- 
preffion  from  the  Object. 

ido,  A  live  Coal  fwung  brifkly  round  in  a 
Circle,  appears  a  continued  Circle  of  Fire,  be- 
caufe the  Impreffions  made  on  the  Retina* 
by  Light,  being  of  a  vibrating,  and  confequent- 
ly  of  a  lafting  Nature,  do  not  prelently 
perilh,  but  continue  till  the  Coal  performs  its 
whole  Circuit,  and  returns  again  to  its  former 
Place. 

3W,  If  two  Objects,  unequally  diftant 
from  the  Eye,  move  with  equal  Velocity,  the 
more  remote  one  will  appear  the  flower;  or 
if  their  Celerities  be  proportional  to  their 
Diltances,    they  will  appear  equally  fwift. 

4<to,  If  two  Objects,  unequally -diftant  from 
the  Eye,    move  with  unequal   Velocities  m 

the 
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the  fame  Direction,  their  apparent  Velocities 
are  in  a  Ratio  compounded  of  the  direct  Ra- 
tio's of  their  true  Velocities,  and  the  reciprocal 
one  of  their  Diftances  from  the  Eye. 

5to,  A  xifible  Object  moving  with  any  Ve- 
locity appears  to  be  at  reft,  if  the  Space  de- 
fcribed  in  the  Interval  of  one  Second  be 
imperceptible  at  the  Diftance  of  the  Eye. 
Hence  it  is,  that  a  near  Object  moving  very 
flowly,  as  the  Index  of  a  Clock,  or  a  re- 
mote one  very  fwiftly,  as  a  Planet,  feem  at 
reft. 

6to,  An  Object  moving  with  any  Degree  of 
Velocity,  will  appear  at  reft,  if  the  Space  it 
runs  over  in  a  Second  of  Time  be  to  its  Di- 
ftance from  the  Eye,  as  1  to  1400. 

ymo,  The  Eye  proceeding  ftraight  from 
one  Place  to  another,  a  lateral  Object  not  too 
far  off,  whether  on  the  right  or  left,  will  feem 
to  move  the  contrary  Way. 

8vo9  The  Eye  proceeding  ftreight  from 
one  Place  to  another,  and  being  fenfible  of  its 
Motion,  diftant  Objects  will  feem  to  move  the 
fame  Way,  and  with  the  fame  Velocity.  Thus, 
to  a  Peribn  running  eaft wards,  the  Moon  on 
his  right  hand,  appears  to  move  the  fame 
Way,  and  with  equal  Swiftnefs ;  for,  by 
reafon  of  its  Diftance,  its  Image  continues 
feed  upon  the   fame  Place  of  the   Retina; 

from 
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from  whence  we  imagine  that  the  Object  moves 
along  with  the  Eye. 

grw,  If  the  Eye  and  Object  move  both 
the  fame  Way,  only  the  Eye  much  fwifter 
than  the  Object,  the  laft  will  appear  to  go 
backwards. 

idpm,  If  two  or  mere  Objects  move  with 
the  fame  Velocity,  and  a  third  remain  at  reft, 
the  Moveables  will  appear  fixed,  and  the  Qui- 
efcent  in  Motion  the  contrary  Way.  Thus, 
Clouds  moving  very  fwiftly,  their  Parts  feem 
to  preferve  their  Situation,  and  the  Moon  to 
move  the  -contrary  Way. 

nmo,  If _  the  Eye  be  moved  .with  a  great 
Velocity,  lateral  Objects  at  reft  appear  to  move 
the  contrary  Way.  Thus  to  a  Perfon  fitting iii 
a  Coach,  and  riding  brifkly  thro'  a  Wood, 
the  Trees  feem  lo  retire  the  contrary  Way ; 
and,  to  People  in  a  Ship,  &c.  the  Shores  feem 
to  recede. 

Mod  of  thefe  Phenomena  have  been  pretty 
well  accounted  for  by  Dn  Chales,  Wql- 
fius,  and  other  Mathematicians ;  an,cj  there- 
lore,  I  have  only  mentioned  them,  without 
enlarging  at  ail  upon  them.  ,  Cut,  before  I 
difmifs  this  Subject,  I  fliall  endeavour  to  ex- 
plain another  Phenomenon  of  Motion,  which, 
tho*  very  common,  and  well  known,  yet,  fo 
far  as- 1  know,  lias  not  as.  vet  had  any  Solution 


given 
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given  to  it,  that  can  give  the  lead  Satisfaction. 
It  is  this  : 

§  5.  If  a  Perfon  •  turns  fwiftly  round,  with- 
out changing  his  Place,  ail  Objefts  about  will 
feem  to  move  round  in  a  Circle  the  contrary- 
Way  ;  and  this  Deception  continues,  not  only 
while  the  Perfon  himfelf  moves  round,  but, 
which  is  more  furprifmg,  it  alfo  continues  for 
fome  time  after  he  flops  moving,  when  the 
Eye,  as  well  as  the  Objects,  are  at  abfolute 
Reft. 

Why,  when  the  Eye  turns  round,  Objedts 
appear  to  move  round  the  contrary  Way,  is 
not  fo  difficult  to  explain ;  for,  tho',  properly 
fpeaking,  Motion  is  not  feen,  as  not  beino-  in 
itfelf  the  immediate  Objedl  of  Sight,  yet,  by 
the  Sight,  we  eafily  know  when  the  Image 
changes  its  Place  on  the  Retina,  and  thence 
conclude,  that  either  the  Object,  the  Eye,  or 
both  are  moved.  But,  by  the  Sight  alone, 
we  can  never  determine  how  far  this  Motion 
belongs  to  the  Objedt,  how  far  to  the  Eye, 
or  how  far  to  both.  If  we  imagine  the  Eve 
at  reft,  we  afcribe  the  whole  Motion  to  the 
Qbjeft,  tho'  it  be  truly  at  reft  ;  if  we  imagine 
the  Objeft  at  reft,  we  afcribe  the  whole  Moti- 
on to  the  Eye,  tho5  it  belongs  entirely  to  the 
Object ;  and  when  the  Eye  is  in  Motion,  tho' 
wre  are  fenfible  of  its  Motion,  yet  if  we  do  not 
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imagine  that  it  moves  fo  fwiftly  as  it  really 
does,  we  afcribe  only  a  Part  of  the  Motion 
to  the  Eye,  and  the  reft  of  it  we  afcribe  to 
the  Object,  tho'  it  be  truly  at  reft.  And  this 
laft  is  what  happens  in  the  prefent  Cafe, 
when  the  Eye  turns  round ;  for  tho'  we  are 
fenfible  of  the  Motion  of  the  Eye,  yet  we 
do  not  apprehend  that  it  mpves  fo  fall  as  it 
truly  does ;  and  therefore  the  Bodies  about 
appear  to  move  the  contrary  Way,  as  is  a- 
greeable  to  Experience. 

But  the  great  Difficulty  ftill  remains,  viz. 
Why,  after  the  Eye  ceafes  to  move,  Objects 
ihould  for  fome  Time  ftill  appear  to  continue 
in  Motion,  tho*  their  Pictures  on  the  Retina 
be  truly  at  reft,  and  do  not  at  all  change 
their  Place.  This,  I  imagine,  proceeds  from 
a  Miftake  we  are  in,  with  refpedt  to  the  Eye ; 
which,  tho'  it  be  abfolutely  at  reft,  we  nevcr- 
thelefs  conceive  it  as  moving  the  contrary  way 
to  that  in  which-  it  moved  before:  From 
which  Miftake  with  refped:  to  the  Motion  of 
the  Eye,  the  Objects  at  reft  will  appear  to 
move  the  fame  way,  which  the  Eye  is  imagined 
to  move  in,  and  confequently  will  feem  to  con- 
tinue their  Motion  for  fome  Time  after  the  Eye 
is  at  reft. 

But  all  this  may  need  fome  further  Expla- 
nation ;   for  which  purpofe,  let  abed  [Fig.  26. 
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Plate  III.)  be  the  Eye  moving  round, 
according  to  the  Order  of  the  Letters  a,  b9  c,  d, 
and  let  A  be  an  Object  at  reft  feen  by  that 
Eye  :  When  the  Eye  moves  from  a  to  b,  if 
we  attend  to,  and  are  fenfible  of  the  Velocity 
with  which  it  moves,  we  will  attribute  the 
Change  of  the  Situation  of  the  ObjoSt  intirely 
to  the  Motion  of  the  Eye,  and  will  therefore 
conceive  the  Object  at  reft,  as  it  truly  is : 
But  if  we  are  entirely  unattentive  to  the  Mo- 
tion of  the  Eye,  and  imagine  that  it  is  abfo- 
lutely  at  reft,  the  Object  A  will  then  feem  to 
move  the  contrary  Way,  with  a  Velocity  pro- 
portional to  its  Diftance,  fo  as  to  defcribe  an 
Arch  fimilar  to  that  defcribed  by  the  Eye 
in  the  fame  time,  that  is,  in  the  Time  the 
Eye  moves  round  from  a  to  Z>,  the  Object  will 
feem  to  move  from  A  to  I.  In  like  manner, 
when  the  Eye  moves  from  a  to  b>  with  a 
Velocity  equal  to  the  Line  ab,  if  we  imagine 
it  does  not  move  fo  fwiftly,  and  conceive  it 
to  move  with  a  fmaller  Velocity,  as  ax,  the 
Object  A  will  appear  to  move  from  A  to  E, 
fo  as  the  Arch  AE  may  be  fimilar  to  the 
Arch  bx.  And  this  I  take  to  be  what  truly 
happens  in  the  prefent  Cafe,  when  the  Eye 
turns  round  ;  for,  tho*  we  are  fenfible  of  the 
Motion  of  the  Eye,  yet  we  do  not  apprehend 
that  it  moves  fo  faft  as  it   really  does ;  and 
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therefore  the  Bodies  about  appear  to  move  the 
contrary  way,  with  a  Velocity  correfponding  to 
what  is  wanting  in  the  Eftimate  we  make  of 
the  Eye's  Motion. 

This  being  underftood;  we  may  thence  fee, 
why,  when  the  Eye  flops  moving,  the  Objects 
about   ftill  appear  to  continue   their  Motion  ; 
for,    tho'  the  Eye  be  then  abfolutely  at  reft, 
yet  relatively,  and  with  regard  to  the  State  it 
was  in  before,  it  is  truly  in  Motion  the  contrary 
way;  for  while  the  Point  a  is  in  Motion  from 
a  to  b9   with   the  Velocity   expreffed   by  the 
Line .ab9  this  Point  cannot  be  fuppofed  to  reft: 
without  deftroying  the  Motion  from  a  to  b9 
by  a  contrary  Motion  equal  to  the  Line  ba9  or 
ad.     But  tho'  that  Motion  is  actually  deftroy- 
ed,  by  this  equal  contrary  Motion  when  the 
Eye  refts,  yet,  as  we  imagined  that  the  Point 
a  moved  only  with  a  Velocity  expreffed  by  the 
Line  ax,  we  muft  now,  when  this  Point  is  at 
Reft,  imagine  it  to  move  the  contrary  Way, 
with  a  Velocity  equal  to  ba — ax9  that  is,  bx. 
But  if,  when  the  Eye  is  abfolutely  at  reft,  it 
be  imagined  to  turn  round  from  b  to  x9   with 
the  Velocity  bx9  all   Objects,    as  A,    will  ap- 
pear to  move    the  fame  Way  in  the  Order 
of  the  Letters  AEI ;   and  confequently  will  ap- 
pear to  continue  their  Motion  for  fome  Time 
after  the  Eye  ceafes  to  move :     And,   what 

may 
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may  forward  this  Deception  the  more,  is,  that 
we  have  not  been  accuftomed  to  fee  Objefts 
moving  round  in  a  Circle  flop  all  at  once; 
whence  we  may  the  more  readily  imagine, 
that  our  Eye  moves  the  fame  Way,  to 
keep  Pace  with  the  fuppofed  Motion  of  the 
Objeds.    ' 

Thefe  are  the  principal  Phenomena  of  Vifi- 
on ;  in  explaining  which,  I  have  already  tranf- 
greifed  the  Limits  I  firft  perfcribed  to  myfelf : 
And  therefore,  tho'  there  are  many  others  of 
lefs  Note,  which  might  eafily  be  accounted 
for  from  the  fame  Principles ;  yet  we  muft 
not  now  enter  upon  them,  partly,  becaufe 
thefe  already  explained  are  fufficient  for  un- 
derftanding  the  Difeafes  of  the  Eye,  and  the 
Means  whereby  they  may  be  cured,  for  which 
all  that  has  been  yet  faid,  is  chiefly  intended 
only  as  a  Lemma ;  and  partly,  becaufe  fome  of 
the  reft  will  more  naturally  fall  to  be  explained 
in  treating  of  thofe  Difeafes. 


CONCLUSION. 

THUS  I  have  finifhed  the  firft  Part  of  my 
Defign,  which  was  to  explain  the  Phy- 
fiology  of  the  Eye;    in  which  I  have  omitted 

nothing 
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nothing  either  neceffary  or  ufefifl,  or  curious 
and  entertaining,  that  our  defigned  Brevity 
could  eafily  admit  of.  I  have  examined  the 
Structure  and  Ufe  of  its  external  Parts,  and 
thence  deduced  the  Neceffity  of  their  different 
Conformations  in  different  Animals.  I  have 
inquired  into  the  Globe  or  Body  of  the  Eye 
itfelf ;  and,  for  the  better  underftanding  its 
beautiful  OEconomy,  I  have  confidered  thefe 
fix  Things,  i?no,  Its  Situation  in. the  Body; 
zdo,  Its  Connection  with  the  Orbits  in  which 
it  is  placed  ;  3 rf c,  Its  Form;  which  is  either 
fpherical,  as  in  Man,  or  fpheroidal,  as  in  feve- 
ral  other  Creatures ;  4/0,  Its  Number ;  -which 
in  Man  is  always  two ;  but  greater  in  fome 
other  Animals ;  5/0,  Its  Motions,  which  are 
wanting  in  fome.  Animals;  and  laftly,  Its 
Fabrick  and  Compofition ;  than  which  nothing 
can  be  more  beautiful  or  noble ;  every  Part, 
however  different  in  different  Animals,  being 
always  fuch  as  .beft  contributes  to  the  Per- 
fection of  the  whole.  After  this  I  have  ex- 
plained t]?e  Nature  and  chief  Properties  of 
Light,  and  from  thence,  and  the  known 
Fabrick  of  the  Eye,  I  have  deduced  not  only 
the  true  Manner  of  Vifion,  and  the  Ufe  of  the 
feveral  Parts  of  this  Organ,  but  alfo  have  ac- 
counted for  the  Neceffity  of  its  different 
Conformations  in  different  Animals  ;  and 
have  Ihewn  its  Structure  and  Difpofition  to  be 
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always  fucli  as  is  beft  fitted  to  their  Neceffities 
of  Life,  and  their  Manner  of  Living.  And 
laftly,  I  have,  from  the  above  ellablifned 
Principles,  accounted  for  the  chief  'Phenomena 
of  Villon.  From  all  which,  every*  body  may 
fee,  what  a  noble  Piece  of  Geometry  is  mani- 
fefted  in  the  Fabric  of  the  Eye,  and  the 
Manner  of  Vifion.  There  is  not  one  Part  of 
the  whole  Body,  that  difcovers  more  Art  and 
Defign,  than  this  fmall  Organ :  All  its  Parts 
are  fo  excellently  well  contrived,  fo  elegantly 
formed  and  nicely  adjufted,  that  none  can 
deny  it  to  be  an  Organ  as  magnificent  and 
curious,  as  the  Senfe  is  ufeful  and  entertaining. 
Surely  it  cannot  be  faid,  without  betraying 
the  greateft  Ignorance,  as  well  as  Impiety, 
that  the  Eye  wras  formed  without  Skill  in 
Optics*  or  the  Ear  without  the  Knowledge  of 
Sounds. 

Of  what  Ufe  this  Theory  may  be  for  under- 
Handing  the  Difeafes  of  the  Eye,  and  the 
Method  proper  for  curing  them,  is  too  obvious 
to  need  to  be  infilled  on :  For  want  of  fuch 
a  Theory,  the  Difeafes  of  the  Eye  have  in 
all  Ages  been  thought  to  have  fomething  very 
intricate  in  their  Nature,  and  to  require  a 
Method  of  Cure  quite  different  from  all  other 
Difeafes:  Whence,  as  Herodotus  tells  us, 
the  ancient  Egyptians  had  Perfons  fet  apart* 
for  treating  thefe  Difeafe.%   who   were  not  to 
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meddle  with  any  other ;  and  even  yet,  which 
is  very  ftrange,  and  much  to  be  regretted, 
notwithftanding  the  great  Difcoveries  in  Ana- 
tomy and  Optics,  their  Cure  is  frequently 
committed  to  Pretenders  to  Secrets,  and  igno- 
rant Empyrics,  who  call  themfelves  Oadifls ; 
but,  being  entirely  ignorant  of  the  Principles 
of  Medicine,  and  particularly  of  the  OEcono- 
my  of  the  Eye,  the  Ufe  of  its  Parts,  and  the 
Manner  of  Vifion,  they  ought  never  to  be 
trufted  with  the  Cure  of  fuch  a  tender  and 
delicate.  Organ,  wherein  the  leaft  Miftake 
may  be  of  the  greateft  Confequence ;  of  which 
we  daily  meet  with  but  too  many  Inftances, 
when  it  is  too  late  to  help  them.  But  the 
Difeafes  of  the  Eye  have  nothing  intricate 
in  their  Nature  ;  neither  does  their  Cure 
depend  on  any  other  Principles,  than  thofe 
commonly  employed  in  other  Difeafes,  pro- 
vided only  due  Regard  be  had  to  the  Nature 
of  the  Eye,  and  the  Ufe  of  its  feveral  Parts. 
And  this  ought  the  more  to  be  here  inculcated, 
becaufe  fome  of  our  ableft  Phyficians  have 
not  yet  left  off  talking  of  Specific  Medicines, 
as  if  there  were  fome  fuch,  that  are  fpecifical- 
ly  appropriated  to  the  Difeafes  of  this  Organ ; 
whereas  in  fact,  there  is  no  fuch  Thing:  All 
Medicines  for  the  Eyes  operate  the  fame  Way 
as  in  other  Difeafes ;  whence  the  fpecious 
Title   of  Specifics  ought    always   to  be    laid 
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afide,  as  ferving  for  nothing,  but  to  nourifh 
and  cloak  Ignorance,  and  the  Method  of  Cu/e 
ought  to  be  directed  according  to  the  general 
Indications  taken  from  the  preternatural  State 
of  the  Solids  and  Fluids  of  the  difeafed  Part. 
For  the  Body  of  Man  is  nothing  but  a  curious 
Machine,  whole  Actions  or  Functions  are  the 
neceffary  Confequenees  of  its  Structure:  It 
is  compofed  of  Solids  and  Fluids,  which,  fo 
long  as  they  abide  in  their  natural  State,  all 
the  Functions  are  regularly  performed.  But, 
on  the  contrary,  when  they  are  any  way 
vitiated,  then  the  Functions  are  lefed,  or, 
which  is  the  fame  Thing,  a  Difeale  en- 
fues. 

The  Function  of  the  Eye  is  Vifion,  and 
whatever  hurts  the  Sight,  is  called  a  Difeafe:^ 
So  that,  to  cure  any  Difeale  in  the  Eye, 
nothing  is  required  but  to  reftore  that  na- 
tural State  and  Condition  to  its  Parts  and 
Humours,  from  which  perfect  Vifion  does 
proceed. 

The  Conditions  required  for  perfect  Vifion 
are  indeed  very  numerous,  as  may  be  gather- 
ed from  what  has  been  faid  above,  and 
therefore  the  Difeafes  of  this  Organ,  or  the 
Want  of  any  one  or  more  of  thefe  Condi- 
tions, muft  alfo  be  very  numerous.  To  ex- 
plain thefe  Difeafes  in  a  rational  Manner, 
and  agreeable  to  the  Principles   I   have  laid 
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down,  and  to  point  out  a  Method  of  Cure 
founded  on  Reafon  and  Experience,  is  what 
I  fhould  now  proceed  to;  but  being  heartily 
wearied  with  what  I  have  already  done,  the 
Humour  of  writing  will  hold  out  no  longer ; 
and  therefore  I  mull  delay  this  Part  of  my 
Defign  till  fome  other  Occafion,  when  I  may 
be  more  at  leifure,  and  more  in  the  Hu- 
mour of  writing  than  I  am  at  prefent,  after 
the  Fatigue  I  have  had  in  compiling  the  above 
Theory. 


F     I      N      I 


[  435  ] 


r  i* 


ERRATA. 


Vol.  II. 


46.I. 

125. 

161. 

165. 

312. 

33*- 

365- 
367- 
431. 
dentia, 

Nattjr 


RD  RD 

.  wne  2.  £«•  ,  rwrf , 

RXD         R+D 

29.  dele  it. 

L.i 5.  *//«•  and  E,  add  and. 
1.  2 1.  dele  the. 

1.  20.  For  affected,  read  effe&ed.  , 
1.  28.  For  Situaon,  read  Situation. 
1.  1 4.  After  Kind,  add  of. 
1.  15.  For  leaft,  read\z&. 
1.  1 3.  /^r  longer,  read  larger. 
1.  19.  after  Sounds,  add,  Deus  enim  fine  Dorninio,  Pro- 

et  Caufis  finalibus,   nihil   aliud  eft  quam  Fatum   et 
a.    Newton  Princip.  Schol.  general,  fub  fin. 


"VbL.lIPl.ATF,  1 . 


x(     \f\       o      i jf_ 


•v^, 


Vol  .II  Plate  IE. 

-4LG-JB 


T> 

.^L^+^^-f7'" '" 

"•^j  - 

■■-■  ^-^J,  .... 

r 


COUNT  WAY   LIBRARY   OF  MEDICINE 

QP 
U7? 

P83 
v.2 

RARE  BOOKS  DEPARTMENT 


